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Abstract. We present new measurements of the mean magnetic field modulus of a sample of Ap stars with spectral lines resolved into magnetically split components. We report the discovery of 16 new stars having this property. This brings the total number of such stars known to 42. We have performed more than 750 measurements of the mean field modulus of 40 of these 42 stars, between May 1988 and August 1995. The best of them have an estimated accuracy of 25 − 30 G. The availability of such a large number of measurements allows us to discuss for the first time the distribution of the field modulus intensities. A most intriguing result is the apparent existence of a sharp cutoff at the low end of this distribution, since no star with a field modulus (averaged over the rotation period) smaller than 2.8 kG has been found in this study. For more than one third of the studied stars, enough field determinations well distributed throughout the stellar rotation cycle have been achieved to allow us to characterize at least to some extent the variations of the field modulus. These variations are often significantly anharmonic, and it is not unusual for their extrema not to coincide in phase with the extrema of the longitudinal field (for the few stars for which enough data exist about the latter). This, together with considerations on the distribution of the relative amplitude of variation of the studied stars, supports the recently emerging evidence for markedly nondipolar geometry and fine structure of the magnetic fields of most Ap stars. New or improved determinations of the rotation periods of 9 Ap stars have been achieved from the analysis of the variations of their mean magnetic field modulus. Tentative values of the period have been derived for 5 additional stars, and lower limits have been established for 10 stars. The shortest definite rotation period of an Ap star with magnetically resolved lines is 3.
d 4, while those stars that rotate slowest appear to have periods in excess of 70 or 75 years. As a result of this study, the number of known Ap stars with rotation periods longer than 30 days is almost doubled. We briefly rediscuss the slow-rotation tail of the period distribution of Ap stars. This study also yielded the discovery of radial velocity variations in 8 stars. There seems to be a deficiency of binaries with short orbital periods among Ap stars with magnetically resolved lines.
Introduction
Since the discovery, almost 50 years ago, of a magnetic field in the Ap star 78 Vir (Babcock 1947) , until recently, the vast majority of the investigations of Ap star magnetic fields have been devoted to the determination of their mean longitudinal magnetic field (see e.g. the reviews of Mathys 1989 and Landstreet 1992) . The latter, to which one often refers more briefly as the longitudinal field 1 , is 1
In the past, it was also often called effective field.
the line-intensity weighted average over the visible stellar hemisphere of the line-of-sight component of the magnetic vector. It is diagnosed from the observation of circular polarization in spectral lines. From studies of this field moment, and in particular of its variation with stellar rotation, a general picture of the magnetic fields of Ap stars could be obtained. As a result, it is now well established that those fields have a large-scale organization, which in most cases bears some resemblance to a dipole whose axis is inclined with respect to the stellar rotation axis. The brightness and abundance inhomogeneities of the stellar surface appear grossly related to the field geometry. Thus the study of the latter should prove essential for the understanding of the origin of the former, and more generally of the physical processes at work in the atmospheres not only of the Ap stars, but also probably of many upper mainsequence stars. However, the derivation of the magnetic field geometry cannot be achieved from the consideration of the mean longitudinal field alone. One subgroup of the Ap stars lend themselves particularly well to more detailed studies of their magnetic fields: these are the stars whose spectral lines, when observed (in unpolarized light) at sufficiently high dispersion, are resolved into several magnetically split components. In these stars, one can determine in a straightforward, mostly approximation-free, model-independent manner, and with particularly great precision, the mean magnetic field modulus, or in short the (mean) field modulus. This quantity, which in previous works was often called the surface field, is the line-intensity weighted average over the visible stellar hemisphere of the modulus of the magnetic vector.
It had been realized 25 years ago already that by combining the knowledge of the variations of the field modulus and of the longitudinal field throughout the stellar rotation cycle, one could derive much better constraints on the field structure than from the consideration of the longitudinal field alone. By 1972, this approach had been applied successfully to 4 stars: HD 65339 (Huchra 1972) , HD 126515 (Preston 1970) , HD 137909 , and HD 215441 (Preston 1969a) . Preston (1971a) had discovered 5 more stars with magnetically resolved lines (HD 12288, HD 81009, HD 165474, HD 188041, and HDE 335238) . But no attempts had been made to measure their mean field modulus throughout their rotation cycle until we started the project reported here.
Renewed interest in the modeling of the geometric structure of Ap star magnetic fields has arisen in the last few years, thanks to the technological progress made both in astronomical instrumentation (in particular, detectors) and in computers. Accordingly, it has become possible to collect astronomical data of unprecedented accuracies (making possible e.g. fine studies of the profiles of polarized spectral lines), which can be modeled more realistically than ever before. For instance, Landstreet and his collaborators have carried out refined studies of the magnetic field geometry of HD 65339 (Landstreet 1988) and of HD 215441 (Landstreet et al. 1989) , by simultaneously modeling their unpolarized spectral line profiles and the variations of their longitudinal field. Mathys (1995a, b) has analyzed the circularly polarized line profiles of a sample of Ap stars observed throughout their rotation cycle using the moment technique that he has developed (Mathys 1988) . Leroy et al. (1995) have derived models of the fields of the stars HD 62140, HD 71866, and HD 137909, from their observations of broadband linear polarization along the rotation periods of these stars. These are but a few examples of the recently published works in the field.
Still, the very favourable circumstances presented by the stars with resolved magnetically split lines for the diagnosis of the field geometry are far from having been fully exploited. By the end of the 1980's, only 4 of the 9 stars of this kind known in the early 1970's had been studied in detail. A few additional such stars had been discovered in isolated studies: HD 200311 (Preston, cited by Adelman 1974) , HD 201601 (a somewhat marginal detection reported by Scholz 1979) , and HD 187474 (Didelon 1987) . But there had been no systematic study of these stars, nor attempt to find more of them. Therefore, it seemed appropriate to undertake a large-scale project of extensive investigation of the Ap stars with resolved magnetically split lines.
This programme has been going on for more than 5 years now. By its very nature, in particular because a significant number of the studied stars have periods (much) longer than the time span during which we have followed them, it is not completed yet. However, it appears justified to report the results obtained so far, in view of their quantity and of their importance. Indeed, 29 new Ap stars with resolved magnetically split lines have been found, and more than 750 measurements of the mean magnetic field modulus of such stars have been performed. The results presented in this paper correspond to the observations that have been performed for this programme until end of August 1995.
Some partial, preliminary reports on this project have already been given in previous publications. Mathys (1990;  hereafter referred to as Paper I) had discussed the physics of the formation of the spectral line Fe II λ 6149.2, from which we diagnose the field modulus. He also had reported the discovery of magnetically resolved lines in 3 stars: HD 55719, HD 94660, and HD 116458, and confirmed Scholz's (1979) suspicion for the presence of resolved lines in HD 201601. Mathys & Lanz (1992; Paper II) had announced the presence of resolved magnetically split lines in 6 additional stars: HD 2453, HD 9996, HD 18078, HD 50169, HD 137949, and HD 192678 . They had also discussed the relative magnetic intensification of the Fe II lines λ 6147.7 and λ 6149.2. The discovery of 4 more stars with magnetically resolved lines (HD 14437, HD 110066, HD 116114, and HD 134214) had first been reported by Mathys et al. (1993; Paper III) .
The mean magnetic field modulus
The determinations of the mean magnetic field modulus presented in this paper rely on the measurement of the wavelength shift between the magnetically split components of the line Fe II λ 6149.2, in high-resolution spectra recorded in unpolarized light. The line Fe II λ 6149.2 has a particularly simple Zeeman pattern, consisting of two π components, one σ + component and one σ − component. Each σ component coincides with one of the π components. This pattern, as observed in the star HD 94660, is shown in Fig. 1 , together with those of the neighbouring lines Fe II λ 6147.7 (a pseudo-quadruplet) and Cr II λ 6147.1 (a pseudo-triplet). For comparison, we have also plotted the spectrum of the A0p SrCr star HD 133792 (Paper I), which has sharp unresolved lines (the line profiles recorded in this star are mostly identical to the instrumental profile: its projected equatorial velocity must be significantly lower than 3 km s −1 ).
A Zeeman doublet like Fe II λ 6149.2 arises from a transition between two levels having a total angular momentum quantum number J = 1/2, of which one has a Landé factor equal to zero (that is, this level is unsplit in a magnetic field). In such a doublet, the shift (λ r − λ b ) between the wavelengths of the red and blue components is related to the mean magnetic field modulus H through the relation:
∆λ Z = k λ 2 0 , where λ 0 is the nominal wavelength of the transition (in the absence of a magnetic field, that is, for the line under consideration, λ 0 = 6149.258Å), and k = 4.67 10 −13Å−1 G −1 . g is the Landé factor of the split level of the transition (g = 2.70; Sugar & Corliss 1985) . For a Zeeman doublet, Eq. (1) is strictly valid under quite general conditions. The only approximations underlying it are that the populations of the magnetic states pertaining to the same atomic level follow Boltzmann's statistics and that the Doppler effect due to stellar rotation is negligible (see Mathys 1989 for details). The high densities in the photospheres of the Ap stars coupled to the very small energy differences between the magnetic states guarantee the validity of the first assumption. It receives further support from the following empirical argument: significant departures from this approximation would show through as spectral line asymmetries, both in unpolarized light and in circular polarization: such asymmetries are not observed. On the other hand, in a number of the stars studied in this paper, Doppler distortions of the split line components are observed. But this does not question the validity of the second approximation above: more explicitly, the latter states that the rotational Doppler effect is small compared to the magnetic splitting, which is also the condition of magnetic resolution of the lines. Fig. 1 . Portion of the spectra of HD 133792 (shifted in intensity by 0.5; unresolved lines) and of HD 94660 containing the lines Cr II λ 6147.1, Fe II λ 6147.7, and Fe II λ 6149.2, and Zeeman patterns of those lines. The patterns are represented in the conventional manner, by bars whose length is proportional to the relative strength of the components. The π components appear above the horizontal (wavelength) axis; the σ components below it. For the sake of clarity, the wavelengths in the stellar spectra have been reduced to the laboratory reference frame Besides being a Zeeman doublet, Fe II λ 6149.2 is a particularly good diagnostic line for the determination of the mean magnetic field modulus because 1. it is sufficiently far in the red to take advantage of both the maximum sensitivity of CCD detectors and of the quadratic increase of the Zeeman effect with wavelength (the first magnetic field modulus determinations were performed using photographic plates, that is from the observation of the blue part of the stellar spectra); 2. it is observed in almost all Ap stars (like many Fe II lines); 3. the distribution of iron over the surface of Ap stars is usually rather homogeneous, so that the use of a Fe II line for magnetic field diagnosis allows a fairly uniform sampling of the stellar surface;
4. among the red Fe II lines, Fe II λ 6149.2 is the one with the largest magnetic sensitivity; 5. this line is rather "clean" in most stars: on the red side, it is free from any strong blend in almost all the studied stars. On the blue side, it is often blended by one (or in some stars, possibly two -see e.g. the spectrum of HD 93507 shown below in Fig. 3 ) unidentified line(s). But in most cases this blend is relatively weak, and it can be handled adequately in the measurement procedure (see below).
The main drawback of the use of Fe II λ 6149.2 is that it is not formed in a regime of pure Zeeman effect, but rather in a regime of partial Paschen-Back effect. Indeed, the lower level of the transition responsible for it and the lower level of the transition from which Fe II λ 6147.7 originates belong to the same spectroscopic term, and their separation is not much larger than the magnetic splitting induced by fields of kilogauss order. The magnetic field induces a mixing of the lower levels of the two considered transitions, and as a result a distortion of the profiles of the split lines Fe II λ 6147.7 and Fe II λ 6149.2. These lines become asymmetric, the former with the red split components deeper than their blue counterparts, while the red component of Fe II λ 6149.2 is less deep, but broader than the blue one. This can be seen in Fig. 1 as well as in many of the plots of the spectral region of interest illustrating this paper. A detailed study of the physics of the formation of the lines Fe II λ 6147.7 and Fe II λ 6149.2 has been presented in Paper I. The most relevant result, within the present framework, is that for fields up to a few tens kG, Eq. (1) keeps giving an excellent approximation of the wavelength separation of the split components of the doublet Fe II λ 6149.2 (see also Sect. 6), even though their intensities may become very different in strong enough magnetic fields.
In Eq.
(1), λ r and λ b are the wavelengths of the centres of gravity of the split components of Fe II λ 6149.2. In practice, these wavelengths were determined either by direct integration of the whole component profiles or by fitting a gaussian simultaneously to each of them (see Paper II for details). The latter method was preferred for lines that are not fully split, in which the magnetic components are (almost) symmetric. The direct integration works better when the splitting is large and the split components are distorted (e.g. by rotational Doppler effect). Of course, all the intermediate situations between the two extreme "ideal cases" described above are encountered in practice, and some compromise must be adopted. With the experience of the several hundreds of measurements reported here, most of which were repeated several times, we believe that we have developed the ability to choose the "best" measurement method, which has allowed us to obtain a homogeneous set of accurate data. In support of this, it may also be mentioned that, in a number of cases when both measurement techniques appeared equally suited, the results given by both of them were quite consistent. Finally, the gaussian measurement technique proved very handy to remove the contribution of the blue blend to Fe II λ 6149.2: whenever possible, a multiple fit of three of four gaussians was performed: one for each of the split components of Fe II λ 6149.2, and one or two to account for the blending line(s).
It is not straightforward to estimate the measurement uncertainties. This, in fact, is best done calling to a posteriori arguments. The discussion of this point is therefore postponed to Sect. 6.
Observations and reductions
Observations for this programme have been carried out at four observatories using various combinations of telescopes, spectrographs and detectors. Table 1 gives an overview of the observing runs partly or entirely devoted to this project (totalling 222 nights). The columns in this table are, in order:
-the dates of the beginning and of the end of the run (the format is day/month/year); -an identification number by which we refer further in this paper to the instrumental configuration used (configurations that are practically equivalent are given the same identification); -a brief description of the configuration, that is, the observatory where the observations were conducted, and the telescope, the instrument, and the detector that were used; -the initials of the observer(s) (all the authors performed some of the observations).
The various instrumental configurations (and the abbreviations used in Table 1 to refer to them) are described more in detail hereafter. At the end of this section, we also give some information about the reduction procedures.
The largest fraction of the spectra were taken at the European Southern Observatory, using the Coudé Echelle Spectrograph (CES). A description of this instrument has been given by Lindgren & Gilliotte (1989;  see also the update by Mathys 1994a). We used its long camera (LC) in most runs, with as detectors a Reticon or one of the following CCDs (referred to by their internal ESO number): RCA #9, Ford #24, Ford #30, Loral #34, and Loral #38. All these detectors have a pixel size of 15 µm (for the Reticon, this is the size in the dispersion direction, while the CCDs have square pixels). For a few runs, the observations were performed with the short camera (SC) of the CES, always in combination with CCD RCA #9.
In general, light was fed into the CES through the 3-mirror coudé train of the Coudé Auxiliary Telescope (CAT). The corresponding instrumental configurations in Table 1 are denoted CES LC or CES SC. In those configurations, the width of the spectrograph entrance slit was adjusted to achieve a resolving power of 10 5 (with the Borra & Landstreet (1977); 4: Waelkens (1985) ; 5: Adelman (1981); 6: Hensberge (1993); 7: Preston (1970); 8: Kurtz (1989); 9: Mathys (1991); 10: Landstreet (unpublished; cited by Mathys 1991); 11: Wolff (1969); 12: Leroy (1995b); 13: Wade et al. (1996a); 14: Leroy et al. (1994); 15: Manfroid & Mathys (1996); 16: North & Adelman (1995) . Mathys et al. (1993); 4: Preston (1971a); 5: Babel et al. (1995); 6: Preston (1969b); 7: Preston (1970); 8: Preston (1969c); 9: Didelon (1987); 10: Adelman (1974); 11: Scholz (1979); 12: Babcock (1960); 13: Preston & Wolff (1970); 14: Bonsack (1976); 15: North (1994); 16: Scholz & Lehmann (1988); 17: Dworetsky (1982) ; 18: 19: Kreidl (1985); 20: Neubauer (1944); 21: Kurtz (1991); 22: Martinez & Kurtz (1994) ; 23: Kurtz & Martinez (1987); 24: Leeman (1964); 25: Kurtz (1983) . )  965  6  4386  91  30  2453  9  3737  60  22  9996 11  4831  389  30  12288 20  7879  345  122  14437 17  7665  401  200  18078  5  3835  412  30  29578  9  2782  59  40  50169 13  4790  199  29  55719 29  6501  114  60  59435 19  3234  650  61468  4  7321  546  30  65339 16  12840  3550  919  70331 31  12312  470  300  75445  9  2985  42  30  81009 39  8401  650  117  93507 28  7164  243  109  94660 17  6175  124  30  110066  4  4095  50  30  116114 18  5953  36  25  116458 15  4676  30  30  119027 12  3163  162  100  126515 20  12322  2404  120  134214 26  3091  66  40  137909 32  5499  170  43  137949 13  4676  23  23  142070 22  4923  176  56  144897 26  9014  434  172  150562  7  4887  77  37  318107 32  14307  1065  300  165474 23  6523  139  25  166473 23  7649  731  81  177765  6  3413  19  19  187474 28  5317  370  25  188041 15  3663  37  28  192678 34  4668  110  79  335238 16  8706  1119  300  200311 28  8568  649  300:  201601 21  3846  59  35  208217 31  7958  588  350  216018 18  5643  81  40 LC, except with CCD #38), or of ∼ 7 10 4 (with the SC). With CCD #38, the resolution is limited to approximately 3 pixels due to charge diffusion within the chip itself, so that when this CCD was used with the LC, the resolving power was only ∼ 7 10 4 .
In October 1992, some observations were performed replacing the coudé train of the CAT by an optical fibre linking its prime focus to the CES. Various fibres were used: two of 200 µm of diameter (corresponding to 9. 0 on the sky), respectively blue and red optimized (with similar response at the wavelength of our observations, 6150Å), one of 135 µm of diameter, and one of 50 µm of diameter. The 200 µm fibres were used in combination with the long camera of the CES, and their output was fed into the spectrograph through a Bowen-Walraven image slicer giving 11 slices. This configuration is denoted "CES LC/F200" in Table 1 . The other two fibres were used together with the short camera of the CES. The light coming out of the 50 µm fibre was fed directly into the spectrograph, while that emerging from the 135 µm fibre first passed through a 4-slice Bowen-Walraven image slicer. These combinations are labeled "CES SC/F50" and "CES SC/F135", respectively. The resolving power achieved when using the fibres is determined by the associated image slicer (or by the fibre itself in the case of the 50 µm fibre). They are of the order of 115 000 for the configuration CES LC/F200, and of approximately 75 000 for the other two configurations.
On two nights, light was fed to the CES from the Cassegrain focus of the 3.6 m telescope through a 200 µm optical fibre and an 11-slice image slicer. A description of this configuration has been given by D'Odorico et al. (1989) . The resolving power obtained using it is approximately 115 000.
A few spectra were also taken at ESO using the 3.5 m New Technology Telescope (NTT) and the ESO Multi-Mode Instrument (EMMI; Zijlstra et al. 1996) , with the R4 echelle grating #14. This grating is described by Dekker et al. (1994) . We used it in the standard EMMI configuration, with the f/5.2 camera and the CCD Tektronix #36 (2048 × 2048 pixels of 24 × 24 µm 2 ). With the entrance slit width set to 0. 8, this configuration yields a resolving power of ∼ 80 000 over a broad wavelength range (more than 2000Å). The wavelength coverage is determined by the grism which is used as cross-disperser. The spectra discussed in this paper were taken with grisms #4, #5, and #6. The ranges covered by these grisms all encompass the region around 6150Å, and for the purpose of diagnosing the mean magnetic field modulus from the splitting of the line Fe II λ 6149.2, they all are equivalent. Therefore, in Table 1 , we do not distinguish between them.
At the Observatoire de Haute-Provence (OHP), we mostly observed for this programme with the 1.52 m telescope (152) and the AURELIE spectrograph (Gillet et al. 1994) . The detector was a Thomson double linear array ("barrette"), which has a pixel size of 13 × 750 µm 2 . We used the 1200 grooves mm −1 grating #5 in the second order to obtain a resolving power of ∼ 7 10 4 .
A few additional spectra were recorded at OHP with the 1.93 m telescope (193) and the cross-dispersed echelle spectrograph ELODIE (Baranne et al. 1996) . With the fixed configuration of this instrument, and its CCD Tektronix (1024 × 1024 pixels of 24 × 24 µm 2 ) one gets a resolving power of 45 000.
At Kitt Peak National Observatory (KPNO), we observed with the 0.9 m coudé feed telescope and the coudé spectrograph (Willmarth 1996) . We used the cross-dispersing grism No. 770 and the echelle grating (31.6 grooves mm −1 ) with Camera 5 (f/3.6). With a slit width of 0.3 mm, we achieved a resolving power of 1.1 10 5 using the CCD TI #5 (15 × 15 µm 2 pixels).
Finally, a few spectra were recorded with the CanadaFrance-Hawaii Telescope (CFHT) at Mauna Kea, and the f/4 coudé spectrograph (GECKO; Glaspey 1993) . The appropriate order of the mosaic of four 316 grooves mm −1 echelle gratings was selected using an interference filter.
The detector was the CCD Loral #3: with its pixel size of 15 µm, a resolving power of 1.2 10 5 was obtained. The reductions were carried out using the image processing packages MIDAS (for the ESO and OHP data) and IRAF (KPNO and CFHT). The applied procedures were mostly standard, involving the following steps: electronic bias and scattered light subtraction, division by the spectrum of a white lamp for flat fielding, spectrum extraction (for two-dimensional detectors only), normalization to the continuum (fitting a suitable function through the highest points), wavelength calibration. For the latter, whenever possible (see below) the standard MIDAS option of rebinning the spectra to a constant wavelength step was not used. Instead each pixel was assigned a wavelength, which was found slightly but significantly more accurate. This is important, because the determination of the mean magnetic field modulus relies on measurements of small wavelength differences.
When appropriate, a median filter was applied to remove cosmic ray hits. Care was taken not to introduce any degradation of the line profiles when performing this operation. A few spectra, in which the diagnostic line Fe II λ 6149.2 was badly affected by cosmic events, have been discarded from this study. It cannot be ruled out, though, that in a small number of cases, cosmic ray hits in this line may have remained unnoticed: this may plausibly explain a few outlying measurements of the magnetic field modulus.
The reductions of the spectra obtained with some instrumental configurations deserve some additional, more specific comments.
In the few spectra taken using as detector a RETICON with the ESO CES, the contribution of the RETICON dark current had to be subtracted. As described by Mathys & Solanki (1989) , this was done through linear interpolation between the masked pixels at both ends of the array. With such a one-dimensional detector, though, the contributions of scattered or parasitic background light cannot be identified, thus they cannot be properly removed. However, the resulting error should be less than 0.5% of the continuum level.
Qualitatively similar but potentially more serious limitations affect the reduction of data recorded at OHP with AURELIE. Again, the one-dimensional format of the detector does not provide any information on the scattered light within the spectrograph. However, comparison of AURELIE spectra of the bright Ap star HD 137909 with quasi-simultaneous observations of this star performed with the KPNO cross-dispersed echelle spectrograph (where background contribution can in principle be accurately removed) makes us feel confident that the contribution of scattered light to our AURELIE spectra is mostly negligible. Of more concern is the high dark current of the Thomson "barrette", which was unstable. Errors in its subtraction may reach 1 to 2% of the continuum level in long exposures of faint stars. This uncertainty, of course, Fig. 2 . Same spectral region as in Fig. 1 , as observed in the stars identified next to each tracing. For the sake of clarity, the wavelengths have been reduced to the laboratory reference frame Fig. 3 . Same spectral region as in Fig. 1 , as observed in the stars identified next to each tracing. For the sake of clarity, the wavelengths have been reduced to the laboratory reference frame Fig. 4 . Same spectral region as in Fig. 1 , as observed in the stars identified next to each tracing. For the sake of clarity, the wavelengths have been reduced to the laboratory reference frame would affect equivalent width determinations. But it has essentially no impact on the determination of the mean magnetic field modulus.
In spectra recorded at ESO with the CES fed from the 3.6 m telescope or from the CAT though an optical fibre and an image slicer, the projected image of the slit on the detector within each slice is not quite perpendicular to the dispersion direction and shows some curvature. As a result, techniques developed to process long-slit spectra of extended sources must be used for the reduction. In short, the wavelength calibration is carried out individually for each row of the spectrum, and the extraction is performed only after each row has been rebinned to a constant wavelength step. Rebinning was achieved through cubic spline interpolation; the wavelength step was chosen small enough to keep the line profile degradation to a minimum.
In the CFHT spectra, the dispersion direction is along the CCD rows, and offsets of a number of columns had to be manually corrected before proceeding to the rest of the reduction, which is standard.
Not surprisingly, given the large number of spectra obtained with many different combinations of telescopes and instruments, the quality finally achieved after reduction is uneven. The vast majority of the spectra, including virtually all those recorded with the ESO CES and a large fraction of those obtained at OHP with AURELIE, have signal-to-noise (S/N) ratios between 70 and 200. Typically, the ratio is higher for brighter stars, although there are deviations from this trend. Spectra recorded with smaller telescopes also tend to be noisier. For the faintest stars (V = 7.7) that could be observed with the 0.9 m Coudé feed at KPNO, the S/N ratio in the continuum at 6149Å was limited to about 50. This results not only from the small size of the telescope, but also from the low instrumental efficiency due to the fact that the line of interest, Fe II λ 6149.2, is far from the blaze in the two orders where it can be observed (91 and 92). At ESO, with the 1.4 m CAT and the long camera of the CES, on the best nights, S/N = 80 was achieved in 2 hours of exposure on HD 119027, the faintest (V = 10.0) star with resolved lines presently known. The 1.5 m telescope feeding AURELIE at OHP has about the same size of the ESO CAT, but the AURELIE magnitude limit is about one magnitude lower than for the CAT + CES, due to the less good sky transparency of OHP compared to ESO and to the high readout noise of the Thomson "barrette".
Results
The purpose of our study was twofold. On the one hand, we observed repeatedly stars already known to have resolved magnetically split lines, to study the variation of their mean field modulus through their rotation cycle. On the other hand, we pursued a systematic search for additional Ap stars with magnetically resolved lines. We started by taking spectra of stars which for some reason we suspected to have resolved lines. But as time passed and as we obtained data for an increasing number of stars, we progressively widened the search, which should soon be complete for a magnitude limited sample.
We report here the discovery of 16 new stars with resolved magnetically split lines: HD 965, HD 29578, HD 59435, HD 61468, HD 70331, HD 75445, HD 93507, HD 119027, HD 142070, HD 144897, HD 150562, HDE 318107, HD 166473, HD 177765, HD 208217, and HD 216018 . With the 13 stars in which the detection of magnetically resolved lines had been reported in Papers I to III, a total of 29 stars having that property have been found within the framework of the project described in this paper. Thus our work raised to 41 the number of Ap stars with resolved magnetically split lines known. Even more recently, a 42nd star of this type, HD 47103, was discovered by Babel et al. (1995) . Table 2 summarizes some properties of the 42 stars with resolved magnetically split lines known to this date. On the left page, the first four columns contain the HD/HDE number, another identification, the V magnitude, and the spectral type, as it appears in the catalogue of Renson et al. (1991) . The next two columns give information about the stellar rotation period and the corresponding reference. When the latter is not given, the period information in Col. 5 comes from the present paper. The heliocentric Julian date taken as origin for the computation of the rotation phases, the particular property (e.g. a magnetic extremum) characterizing the phase origin, and the relevant reference, appear in Cols. 7 to 9. Again, the absence of a reference in Col. 9 means that the corresponding information is given in the present paper. Table 2 continues on the opposite page, where in the first column the HD/HDE number of the star is repeated, for the sake of clarity. In Col. 2, we give the Strömgren photometric index (b−y), retrieved (whenever available) from Renson et al. (1991) or from . Columns 3 and 4 of the right page give respectively the average H av and the ratio q = H max / H min of the observed maximum and minimum values of the mean magnetic field modulus. H av is not the arithmetical average of all our measurements of the field modulus of the considered star, but rather an estimate of the mean value of H over the rotation cycle. When the star has been repeatedly observed throughout this cycle, H av characterizes well its actual mean field strength, while H max / H min is representative of the amplitude of its variations. When the phase coverage achieved so far is incomplete, these quantities only give a preliminary indication; the corresponding entries appear in italics ( H av ) or as a lower limit ( H max / H min ) in Table 2 . The use of italics has the same meaning for the minimum ( H z min ) and the maximum ( H z max ) of the mean longitudinal magnetic field, which are found in Cols. 5 and 6. The references from which the longitudinal field information has been retrieved are mentioned in the text. Columns 7 and 8 give the date of the first observation of magnetically resolved lines in the considered star (when known; otherwise information about the discovery year is given) and the reference of the paper where this discovery has been announced (no entry in Col. 8 means that the presence of resolved split lines is reported here for the first time). Finally, some additional remarks appear in Col. 9 (SB stands for spectroscopic binary; SB2 for double-lined spectroscopic binary; and roAp denotes a rapidly oscillating Ap star -see e.g. Kurtz 1990) , with the corresponding reference in Col. 10 (if it is not the present paper). The properties summarized in Table 2 are discussed in more detail in the rest of this paper (especially in the next section).
From the observations described in Sect. 3, we have repeatedly measured the mean magnetic field modulus of 40 of the 42 stars with magnetically resolved lines, inferring it from the wavelength shift between the components of the line Fe II λ 6149.2, as explained in Sect. 2. A portion of one spectrum of each of these 40 stars, comprising the line Fe II λ 6149.2, is shown in Figs. 2 to 4. The two stars appearing in Table 2 for which we present no results here are HD 47103 and HD 215441. The discovery (Babel et al. 1995) of resolved magnetically split lines in the former is too recent (let us recall that this report is limited to data acquired before end of August 1995). A number of spectra of HD 215441 have been recorded in the course of this programme, but its magnetic field is so strong (34 kG) that one can no longer use Eq. (1) to interpret the splitting of Fe II λ 6149.2: the latter must be modeled accounting properly for the physics of the partial Paschen-Back effect. This will be the subject of a future publication.
We present an overview of the measurements of the mean magnetic field modulus of the 40 remaining stars in Table 3 . The columns give, in order, the HD or HDE number of the star, the number n of measurements of its magnetic field modulus that we have performed, the average and the standard deviation of these measurements, their rms deviation about a best fit curve of their variations, and their estimated uncertainty. The data appearing in the last two columns are explained more in detail in Sect. 6. Note that in contrast with Table 2 , the quantity given in Col. 3 of Table 3 is the plain arithmetic average of all our measurements of the considered star. The standard deviation about this average, which appears in Col. 4, results from the superposition of the measurement uncertainties and of the variations of the stellar field.
The 752 individual measurements of the mean magnetic field modulus are presented in Table 4 . Column 1 contains the heliocentric Julian date of mid-observation. An asterisk next to this entry identifies the spectrum of each star that is shown in Figs. 2 to 4. In Col. 2, the stellar rotation phase is computed (whenever possible) using the ephemeris elements appearing in Cols. 5 and 7 of Table 2 . The values of the mean magnetic field modulus Table 4 . A few of them correspond to observations that have already been presented in Papers I to III. However, for the sake of homogeneity and completeness, these spectra have been remeasured together with all the others discussed here: the revised values of the field that appear in this paper supersede the ones that had been previously published. Note that the Julian dates of some of the observations reported in Paper II were erroneous: they have been corrected in the present paper.
In the next section, we discuss the mean field modulus measurements star by star. We present plots of these measurements against rotation phase or against Julian date. In these plots, different symbols are used to distinguish measurements performed with different instrumental configurations. Unless indicated otherwise in the figure caption, the meaning of these symbols is given in Table 5 . Column 1 contains the identification number of the configuration (from Col. 2 of Table 1), of which a short reminder is given in Col. 2 (which should be self-explantory from the consideration of Table 1 ). The description of the corresponding plot symbol appears in Col. 3.
Notes on individual stars

HD 965
HD 965 has never been studied in detail before. Since magnetically resolved lines have been discovered in this star, in November 1993, its mean magnetic field modulus seems to have been monotonically decreasing (Fig. 5 ). It appears highly probable that the rotation period of HD 965 is much longer than 2 years, although given the Table 5 small number of measurements, one cannot definitely rule out a shorter period.
HD 2453
The observation of resolved magnetically split lines in this star was first reported in Paper II. The only value of the period that adequately accounts for all the longitudinal field measurements (Babcock 1958; Wolff 1975; ) is P = (521 ± 2) d, in good agreement with Wolff's (1975) original estimate of 525 d. The longitudinal field is always negative, varying approximately between −950 and −400 G.
The profile of Fe II λ 6149.2 in HD 2453 is very clean, mostly free from blends, so that we expect this star to be one of those where we can measure the magnetic field modulus with the best accuracy. As discussed in Sect. 6, the measurement uncertainty should then be of the order of 30 G. The standard deviation of our 9 measurements, 60 G (see Table 3 ), significantly exceeds this value, which indicates that we are likely detecting actual field variations. As a matter of fact, when plotted against rotation phase, our data seem to lie along a nearly sinusoidal curve (see Fig. 6 ), suggesting that the field modulus of HD 2453 may vary with a peak-to-peak amplitude of the order of 160 G. The maximum of the mean field modulus variations seems to coincide roughly with the largest negative value of the longitudinal field, and the minimum of the mean field modulus apparently occurs approximately when the longitudinal field is closest to 0 (compare Fig. 6 with Fig. 7 ). Additional measurements, allowing a better sampling of the rotation phases of HD 2453, will be useful to confirm that this description of the variations of the field is indeed correct. 
HD 9996
In Paper II, we had reported the first observation of resolved magnetically split lines in HD 9996. From the discovery spectrum, we had measured a mean field modulus of 3.8 kG. This is significantly larger than the estimate of 2.2 kG (Preston 1971a ) and the upper limit of 2.5 kG (Scholz 1983) obtained from the analysis of the differential broadening of unsplit lines. The resulting suspicion that the magnetic field modulus of this star may show large variations is fully confirmed by our new measurements. From the consideration of Fig. 8 , where our data are plotted against Julian date, it seems that HD 9996 may just have passed the time of maximum of its mean field modulus. The latter probably occurred at the end of 1993 or the beginning of 1994. Adopting for the rotation period the most recent estimate of 21 yr (Rice 1988) , the phase of the maximum field modulus would appear to coincide roughly with that of the negative extremum of the mean longitudinal (or effective) field, to the accuracy with which the latter can be inferred from the published measurements (Babcock 1958; Preston & Wolff 1970; Scholz 1978 Scholz , 1983 . According to the latter, the range of variation of the longitudinal field is from −1200 G to +300 G.
HD 9996 was already famous for its extreme spectroscopic variations (Preston & Wolff 1970 ). The results presented here indicate that the variation of its magnetic field modulus also is unusually large. Indeed, we find that the Table 5 field reaches 5 kG (or more) at maximum, while from the above-mentioned estimates of Preston (1971a) and Scholz (1983) , at minimum it does not exceed 2.5 kG. Thus the ratio between its extrema is at least 2.0, which is greater than in any other star with magnetically resolved lines studied until now.
From the consideration of the line profiles at different phases, it furthermore appears that not only the field strength but also its orientation with respect to the observer vary remarkably with phase. This is illustrated in Fig. 9 , where portions of our oldest and of our most recent spectra of the star are plotted. The very unusual, triangular shape of the line Cr II λ 6147.1 in the former had already been stressed in Paper II. Comparing the two observations shown in Fig. 9 , one can see that this triangular shape can to a large extent be attributed to the fact that the σ components of the line are remarkably weak. The contribution of these components to the line is seen to have increased quite noticeably between our first and last observations. Even in the latter, the strength of the σ components relative to that of the central π components remains smaller than in most other stars studied (see Figs. 2 to 4) . Similarly, the outermost σ components of the quadruplet Fe II λ 6147.7 are weak too, even almost not visible at all in our first spectrum. This seems to indicate that the magnetic field of HD 9996 at the considered phases is predominantly transversal, at least on the regions of the stellar surfaces where this field (which appears to be unusually inhomogeneous) is strongest.
Note also that HD 9996 is a spectroscopic binary with an orbital period (273 d) much shorter than its rotation period (Preston & Wolff 1970) . 
HD 12288
Analysing our 20 measurements of the mean field modulus of this star, where magnetic line splitting had first been observed by Preston (1971a) , we find that the most probable value of its rotation period is
This is in excellent agreement with the value (34.9 ± 0.3) d that had been derived by Wolff & Morrison (1973) from photometric observations. These photometric observations also allow us to rule out an alternative value of the period, 28.
d 6, which appears almost as satisfactory from the consideration of our magnetic data alone. Conversely, our measurements are inconsistent with the aliases close to 1 day that appeared marginally plausible from the photometry.
The variation of the mean magnetic field modulus of HD 12288 through its rotation cycle is shown in Fig. 10 . The amplitude of the variations, of the order of 1 kG peakto-peak, is much smaller than the difference between the extreme values of 6.1 and 8.6 kG of the field modulus reported by Preston (1971a) . However, this discrepancy, the origin of which is unclear, does not cast doubt on the reliability of the rotation period derived here.
The split components of the line Fe II λ 6149.2 show some evidence of distortion due to rotational Doppler effect. This is well seen in the portion of the spectrum shown in Fig. 2 , from the fact that the red component of the line is sharper and narrower than the blue component. This is the opposite of the characteristic asymmetry corresponding to the partial Paschen-Back effect regime of formation of this line, which is actually observed when rotation is negligible (see Paper I for details).
We have obtained three measurements of the longitudinal magnetic field of HD 12288 through Hβ photopolarimetry: two null values at phases 0.875 and 0.974, and a marginal detection (−1.2 ± 0.5 kG) at phase 0.129.
Finally, our study reveals that the radial velocity of HD 12288 is variable, thus that it is a spectroscopic binary. The amplitude of the variation is at least 16 km s −1 . The timescale on which it occurs is long: the orbital period is unlikely to be much shorter than 4 years. The determination of the orbital parameters, and more generally, the detailed study of the radial velocity of this and of the other stars considered in this paper are beyond its scope. They will be the subject of a separate work.
HD 14437
The detection of resolved magnetically split lines in HD 14437 has been reported in Paper III. Its mean field modulus appears to vary with an amplitude of the order of 1 kG peak-to-peak. The period cannot be unambiguously determined from our present data. In a periodogram covering the range comprised between 2.5 and 1000 d (Fig. 11) , three groups of periods clearly stand out, around 15 d, 30 d, and 350 d. The latter seems to be ruled out by the fact that we observe apparently significant variations on timescales of a few days. The longitudinal field is also reported by Glagolevskij et al. (1982) and Glagolevskij et al. (1986) to vary on similarly short timescales between −2.3 and −0.4 kG. This is consistent with our own determinations of the longitudinal field (3 measurements over one Fig. 12 . Mean magnetic field modulus of HD 29578 against heliocentric Julian date. The meaning of the symbols is as given in Table 5 week, through Hβ photopolarimetry, ranging between −1.4 and −1.9 kG). We do not have enough data yet to decide between the two groups of periods around 15 d and around 30 d, nor to resolve the strong aliasing within these groups.
HD 18078
In the first spectrum (taken in October 1990) of HD 18078 where we observed magnetic splitting in Fe II λ 6149.2 (Paper II), this doublet was just barely resolved. Its components were better separated in January 1992. But they were hardly resolved in November 1992 and October 1993: the field modulus values derived on these dates are rather uncertain. In February 1994, splitting was not seen, but the total width of the line was still consistent with a field of the order of 3 kG. The doublet was again resolved in our last observation of this star, in January 1995. From these observations, the mean magnetic field modulus of HD 18078 appears to undergo quite significant variations (the ratio between the extrema is at least 1.4). The split components of Fe II λ 6149.2 are unusually broad. Whether this is due to rotational Doppler effect or to a particularly inhomogeneous magnetic field distribution on the stellar surface is at present unclear. Indeed, the distribution in time of our observations, which was inspired by Wolff & Morrison's (1973) statement that the rotation period might exceed 10 years, does not allow us to decide whether the period is indeed very long or whether it might be short enough so that rotational Doppler effect could significantly contribute to the line profiles. Our future observations will be planned so as to resolve this ambiguity. Table 5 Fig. 14. Mean magnetic field modulus of HD 55719 against heliocentric Julian date (a time span of 700 days has been extracted from the whole dataset). The meaning of the symbols is as given in Table 5 5.7. HD 29578
The observations of magnetically resolved lines in this otherwise not well known Ap star is reported here for the first time. The standard deviation of 59 G of our 9 measurements of the mean magnetic field modulus of a star where the purity of the Fe II λ 6149.2 profile probably allows us to determine this quantity with a significantly better accuracy (see Sect. 6) indicates that we are almost certainly detecting low-amplitude variations. A plot of the measurements against Julian dates (Fig. 12) suggests that the period may be long (significantly exceeding 2 years), but more observations are required to establish this more reliably. Table 5 Fig. 16. Mean magnetic field modulus of HD 55719 against rotation phase, computed assuming that the rotation period is 775 d. The phase origin is HJD 2447346.0. The meaning of the symbols is as given in Table 5 On the other hand, the radial velocity of HD 29578 is definitely slowly variable. A maximum has been reached beginning of 1994, which differs by more than 16 km s −1 from the lowest value recorded so far, in our last observation of the star, in August 1995: HD 29578 appears to be a spectroscopic binary with an orbital period significantly longer than 2 years.
HD 50169
Since our discovery of resolved magnetically split lines in this star in March 1991 (Paper II) until our second last observation in February 1995, its mean field modulus has (Fig. 13) . Our last observation in March 1995 yielded a somewhat smaller field value (just below 5 kG), which most likely is spurious (possibly due e.g. to an unrecognized cosmic ray hit affecting the profile of Fe II λ 6149.2). However, it may also indicate that maximum field strength has just been passed. This will have to be confirmed by future observations, especially because it is not quite consistent with Preston's (1971a) estimate of the field strength (5.6 kG) from differential magnetic broadening of spectral lines. In any case, the period of HD 50169 appears to be much longer than 4 years. This is consistent with the slow variation of the longitudinal field reported by Babcock (1958) . The only recent determination of this field moment, +1.3 kG falls within the range of values derived by Babcock.
Between our first and last observations of HD 50169 (4 years apart), its radial velocity has monotonically increased, by about 2 km s −1 : thus HD 50169 appears to be a spectroscopic binary with an orbital period significantly longer than 4 years.
HD 55719
HD 55719 is one of only three magnetic Ap stars known to be SB2. This property has been discovered by Bonsack (1976) , who has determined the orbital parameters and has also obtained 24 measurements of the longitudinal magnetic field. From 22 of them, ranging roughly from +1 to +2 kG, he derived possible values of the rotation period of 30.
d 39 and 36. d 48. Regardless of the period, Bonsack's (1976) remaining two longitudinal field measurements (−1.1 and −0.6 kG) cannot be reconciled with the bulk of his magnetic data.
We have already discussed the properties of HD 55719 in Papers I (where the discovery of resolved magnetically split lines was first reported) to III. We now have 29 measurements of its mean magnetic field modulus. They show no significant correlation with the phases computed using the two values of the period indicated by Bonsack (1976) . Since Bonsack's (1976) data marginally indicated that the period would not be very long, we first tried to fit our mean field modulus measurements with periods in the range 0.5 − 100 d, without success: the corresponding periodogram looks like pure noise. On the other hand, plotting against Julian Date our data of the two consecutive observing seasons during which we have observed the star most intensively (from October 1992 to May 1994) suggests the existence of a systematic modulation with a periodicity of the order of 2 years or more (see Fig. 14) . This urged us to extend the frequency analysis to longer periods. We found, indeed, that in a periodogram covering the range 100 − 2000 d, a double peak clearly stands out, indicating that the rotation period of HD 55719 may well have one of the two values:
The magnetic field modulus is plotted against the phases computed with these two possible values of the period in Figs. 15 and 16 . No choice between them can be made on the basis of the presently available data.
Figures 17 and 18 show phase diagrams of Bonsack's (1976) mean longitudinal field measurements obtained with the tentative periods derived from the mean field modulus data. Except for the two negative field values (unexplained by any plausible period), and to a lesser extent, for the third smallest measurement (+760 G, which tends also to be an outlier with Bonsack's values of the periods), these measurements are not violently inconsistent with the long periods proposed here. They do, in fact, seem to show some trend with these periods (especially 847 d). Three more recent measurements of the longitudinal field, performed from observations carried out at ESO with the 3.6 m telescope and the Zeeman analyzer of CASPEC by , yielded values between 450 and 950 G, that is, smaller than the bulk of Bonsack's data. However, such inconsistencies between longitudinal field data obtained at different sites and with different instruments are not unusual (see e.g. Mathys 1991) . Only when more measurements are obtained with CASPEC can they be used (possibly in combination with Bonsack's data) to constrain the value of the rotation period.
That the rotation period of HD 55719 is long receives further support from the fact that the star undergoes no significant photometric variations over a timescale of the order of one month (Heck et al. 1987) . However, more data need to be obtained before its value can be indisputably established.
It should finally be noted that the components of the line Fe II λ 6149.2 in HD 55719 have unusual, quite asymmetric shapes (see Fig. 2 ), with rather steep edges toward the line centre and more extended wings outwards (on the red side of the red component and on the blue side of the blue component). This distortion cannot be attributed to the contribution of the secondary component of the binary to the observed spectrum (see Papers I and II). It hints at a rather unusual structure of the magnetic field.
HD 59435
HD 59435 is also an SB2. This property has been discovered by North (1994) . It is probably the most interesting of the three SB2s known to comprise a magnetic Ap star, since both components have rich, sharp-lined spectra, so that both of them can be studied in great detail. This system has been thoroughly discussed in a separate paper (Wade et al. 1996b ). Here we shall just summarize some of the main results of this work.
The orbital period of HD 59435 is 1387 d. The primary is a G giant, while the secondary is the Ap star, which must be close to the end of its main-sequence life.
The line Fe II λ 6149.2 of the Ap component is resolved into its magnetically split components. At many orbital phases, this line is blended with the same or another line of the other component. This complicates the determination of the mean field modulus: the spectrum of the Ap star first has to be rebuilt by removing the contribution of the other component. Details of the procedure are given by Wade et al. (1996b) . Table 5 The mean field modulus of the Ap component is plotted against Julian date in Fig. 19 . A slow variation is very clearly seen. The data obtained until now seem to indicate that the rotation period may be slightly longer than 1000 d. But this must be taken with caution, since the magnetic field measurements performed so far do not quite cover this time span. In any case, it is already clear that the amplitude of variation of the mean field modulus of HD 59435 is remarkably large: the ratio between the maximum and minimum strengths found until now, 1.8, is among the largest found in any star with resolved lines known. Also, the field modulus at minimum (hardly more than 2200 G) is the smallest one measured in any of the stars considered in this paper.
No measurements of the mean longitudinal magnetic field of HD 59435 have been published. But Babcock (1967) had reported it to be magnetic on the basis of observations of circular polarization in spectral lines.
HD 61468
Our most recent discovery of a star with magnetically resolved lines is HD 61468. Very little is known about this faint, cool Ap star. Until now, we have obtained four measurements of its mean magnetic field modulus, spanning 119 days. These measurements are consistent with a slow monotonic decrease of the field intensity during that time interval. The radial velocity was also found to vary, with an amplitude of at least 45 km s −1 , so that the star definitely is SB. The orbital period cannot be determined yet, of course, but it must be significantly shorter than 119 days. Huchra's (1972) data; the meaning of the other symbols is as given in Table 5 5.12. HD 65339 HD 65339 (= 53 Cam) is possibly the Ap star whose magnetic field has been most studied. The presence of resolved lines in its spectrum has been first reported by Preston (1969b) , and Huchra (1972) has been the first one to take advantage of it to try to model the magnetic field structure. The most extensive sets of measurements of the longitudinal field have been published by Babcock (1958) and by Borra & Landstreet (1977) . According to the latter authors, the longitudinal field varies between −5.4 and +4.2 kG along the stellar rotation period of 8.
d 0267. When phased together according to this period, Huchra's (1972) measurements of the mean magnetic field modulus and ours agree well (see Fig. 20 ). The extrema of the field modulus variations coincide, to the achieved accuracy, with those of Borra & Landstreet's (1977) longitudinal field curve. Our data for 53 Cam show a unusually large scatter around a smooth variation curve, reflecting the relatively large errors of our measurements. Indeed, the line Fe II λ 6149.2 appears poorly suited to the diagnosis of the field modulus of that star: the combination of rotational Doppler effect and of particularly strong blending on the blue side makes the separation of its components (especially the wavelength of its blue component) very difficult to determine accurately. In particular, near phase 0.1, the components of Fe II λ 6149.2 can hardly be recognized, and we derive a very discrepant field value. Accordingly, our new data at best confirm that Borra & Landstreet's (1977) value of the period adequately matches data spanning a timebase of nearly 40 years. But they do not significantly contribute otherwise to an improved knowledge of the magnetic field of 53 Cam. Fig. 21 . Mean magnetic field modulus of HD 70331 against rotation phase, computed assuming that the rotation period is 3.
d 0308. The phase origin is HJD 2446987.10. The meaning of the symbols is as given in Table 5 Fig. 22. Mean magnetic field modulus of HD 70331 against rotation phase, computed assuming that the rotation period is 3. d 6515. The phase origin is HJD 2447000.60. The meaning of the symbols is as given in Table 5 Let recall that HD 65339 is a spectroscopic binary, which has been studied in detail by Scholz & Lehmann (1988) . Its orbital period is long: 2432 d.
HD 70331
HD 70331, in which the observation of magnetically resolved lines is reported here for the first time, is one of the hottest stars presently known to have this property. Due to this high temperature, the line Fe II λ 6149.2 is rather weak. It is furthermore quite distorted by rotational Doppler effect, so that the diagnosis of the mean magnetic field modulus cannot be done with high accu- Fig. 23 . Mean magnetic field modulus of HD 81009 against rotation phase. The meaning of the symbols is as given in Table 5 racy. This probably explains at least in part why we were not able to determine unambiguously the rotation period of this star. There is little doubt that the latter is short, thus that the star is seen almost pole on. Possible, but still very questionable values are (3.0308 ± 0.0005) d (see Fig. 21 ) or (3.6515 ± 0.0007) d (see Fig. 22 ).
The only determination of the longitudinal magnetic field of HD 70331 performed so far yielded a value of −2.8 kG .
HD 75445
We report here for the first time the presence of magnetically resolved lines in HD 75445. The standard deviation of the 9 measurements of the mean magnetic field modulus of this star is 42 G. This somewhat exceeds the estimated uncertainty of our magnetic measurements: the latter should be at most 30 G, given the good S/N ratio of our spectra and the purity of the profile of Fe II λ 6149.2. It seems likely that we have recorded small but real variations of the field. But for the time being, we do not have enough data to describe them fully: it only appears that the rotation period of the star might be significantly shorter than the 450 days covered by our observations.
HD 81009
HD 81009 has already been extensively discussed in Papers I through III. The presence of resolved magnetically split lines in its spectrum had first been noticed by Preston (1971a) . The value of its rotation period derived from our 39 magnetic measurements alone,
is in perfect agreement with that obtained from photometry by Waelkens (1985) . The phase coverage of our Table 5 observations is excellent. The variation of the mean field modulus shows some anharmonicity (Fig. 23) : the shape of the variation curve near maximum is almost triangular, while it is broader and flatter around minimum.
18 determinations of the longitudinal field, well distributed throughout the rotation cycle, have been recently performed by G. Hill and D. Bohlender, using the technique of Hβ photopolarimetry (Hill, private communication). The variation curve is definitely anharmonic, with H z raising slowly from minimum (of the order of 600 G, close to phase 0.0) to maximum (about 2000 G around phase 0.65), and a much steeper slope back from maximum to minimum. only measurement of H z (1900 G at phase 0.706) agrees well with the data of Hill & Bohlender.
HD 93507
HD 93507 is another star that has been very little studied until now, for which the resolution of magnetically split lines is reported here for the first time. Its rotation period can be determined without ambiguity from our 28 measurements of the mean field modulus:
The variation of the field modulus with this period is shown in Fig. 24 . It is probably anharmonic, in particular with a triangular shape of the curve at field minimum. The larger scatter of the measurements close to field maximum is due to the fact that Fe II λ 6149.2 is considerably weaker around this phase, and that its blue component is heavily blended, making its wavelength very difficult to determine accurately (see Fig. 25 ). have determined the mean longitudinal field of HD 93507 finding values of 1.6 and 2.6 kG at phases 0.609 and 0.911, resp. 
HD 94660
HD 94660 has been observed for more than 7 years within the framework of this programme since the discovery of its having magnetically resolved lines (Paper I). The corresponding measurements of its mean field modulus are shown in Fig. 26 . From their consideration, the rotation period of the star appears to be of the same order as the length of the time interval during which we have followed it. This is consistent with Hensberge's (1993) suggestion, based on photometric observations, that this period may be close to 2700 d. In any case, the variation of the mean field modulus appears very anharmonic.
The four measurements of the longitudinal field of HD 94660 carried out by Mathys (1994b) and from ESO CASPEC circular polarization observations span a time interval of 2500 d, similar to that covered by the field modulus data. The longitudinal field does not appear to have varied significantly during that time, when it was always of the order of −2.0 kG. This implies that, if the stellar rotation period is indeed of the order of 7 years, the longitudinal field of HD 94660 must be essentially constant. No variation of this field moment was found either by Bohlender et al. (1993) , from 4 Hβ polarimeter measurements spanning 1200 days, which all yield values close to −2.5 kG. Since these measurements are contemporaneous with those of Mathys (1994b) and , the difference between the two sets can be safely ascribed to the different measurement techniques. Such discrepancies between Hβ and CASPEC measurements are not unusual indeed (Mathys 1991) . Similarly, the −3.3 kG Table 5 value derived by Borra & Landstreet (1975) through Hα photopolarimetry is, given its estimated uncertainty of 0.5 kG, only marginally different at most from the measurements of Bohlender et al. (1993) , all the more because there may be some scaling error between the Hα and Hβ data.
The radial velocity of HD 94660 is definitely variable. The determination of the orbital elements of this spectroscopic binary is beyond the scope of the present paper. But it can be noted that its orbital period should not be much longer than 2 years: that is, it is much shorter than the stellar rotation period.
HD 110066
The 4 observations obtained so far of HD 110066, in which the presence of magnetically resolved lines has first been reported in Paper III, cover only about 1/5 of its probable rotation period of 4900 d (Adelman 1981) . They are therefore mostly inconclusive as far as the field variability is concerned, all the more because two of them were performed with AURELIE and the other two with the KPNO coudé spectrograph (the existence of systematic differences between AURELIE data and measurements made with other instruments is discussed in relation with other stars). It can just be noted that the four measurements cluster around 4.1 kG, while Preston (1971a) had estimated a surface field of 3.6 kG from differential line broadening -again, there may be systematic differences between this technique and measurements of line splitting.
Five measurements of the longitudinal field, obtained over an interval of 2 years, have been published by Babcock (1958) . None of them exceeds 300 G. A null measurement was also obtained recently through Hβ photopolarimetry. Table 5 5.19. HD 116114
As for HD 110066, the discovery of resolved magnetically split lines in HD 116114 has been reported in Paper III. The 18 measurements of the mean field modulus performed since the discovery time are shown in Fig. 27 . For a long time, it seemed that this field moment did not undergo any significant variation. But recent observations show hints of a slow increase, suggesting that we have just witnessed the field minimum in a star with a period much longer than 3 years. The standard deviation of the whole set of measurements, 50 G, is rather large for one of the stars where the field diagnosis is easiest and should be achievable with the best accuracy. This view is furthermore supported by the fact that if the 1995 data are excluded from the set of measurements, the standard deviation of the latter is reduced to 31 G.
The only determination of the longitudinal magnetic field of HD 116114 obtained so far yielded a value of −1.9 kG .
The radial velocity of HD 116114 has been slowly, monotonically increasing from 4 to 7 km s −1 between our first and last observations: the star appears to be a spectroscopic binary with a period longer than 3.5 years. The low amplitude of the variations and the long timescale over which they occur probably explain why they were not detected by Abt & Willmarth (1994) .
HD 116458
HD 116458 is the first star with resolved magnetically split lines that has been discovered within the framework of the present programme (Papers I and II). Its rotation period, 147.
d 9, has been determined by Hensberge (1993) from photometric observations and shown to be consistent with Table 5 the longitudinal field data of Albrecht et al. (1977) and of Mathys (1991) . The revision of the latter by Mathys (1994b) does not question this conclusion, which is also consistent with the more recent measurements of . The longitudinal field appears to vary between −1.4 and −2.4 kG.
In contrast, the field modulus shows no significant variation. The standard deviation of our 15 measurements of this quantity is only 30 G, one of the smallest of the whole sample of stars studied here. It can be seen in Fig. 28 that these measurements are well distributed throughout the stellar rotation cycle.
It may also be noted that this star is a spectroscopic binary with an orbital period (126.
d 18, Dworetsky 1982) shorter than its rotation period.
HD 119027
We report here for the first time the observation of resolved magnetically split lines in HD 119027. It is the faintest star having this property presently known. Furthermore, it is one of the stars of the present sample with the weakest Fe II lines. For these reasons, our field modulus determinations for HD 119027 are probably somewhat less accurate than those of other stars that we have studied. But there is little doubt that the large standard deviation (162 G) of our twelve measurements of this star reflects the observation of actual variability. Our data are insufficient to establish the period of these variations. However, significant changes seem to occur on timescales of the order of one month. On the other hand, HD 119027 is a rapidly oscillating Ap star in which did not detect any significant photometric modulation due to rotation over 19 days. It seems that the only way to reconcile this with our own data is to assume that the star may have a period of rotation of the order of a few weeks, but that its surface brightness is fairly homogeneous.
HD 126515
HD 126515 is also known as Preston's star, since Preston's (1970) discovery that it has resolved magnetically split lines. This is one of the four stars for which, before this work, the variations of the mean field modulus had been studied throughout the rotation period. The latter, as a matter of fact, had been determined by Preston (1970) from his field modulus measurements, spanning a timebase of 12.5 years. The value that he had found, 130.
d 0, is consistent with the value of (129.99 ± 0.04) d determined by North & Adelman (1995) from Geneva and Strömgren photometric observations collected between 1971 and 1994.
When we plot Preston's (1970) and our mean magnetic field modulus measurements together against phase, there appears to be a systematic intensity shift between the two sets. In order to obtain a quantitative estimate of it, we fitted the variation with phase of each set separately by a sinusoid, using North & Adelman's (1995) value of the rotation period. The mean value over the stellar rotation period of the field modulus determined in that manner from Preston's (1970) data is 13485 G, while from our measurements it is 12735 G: hence the two sets differ systematically by 750 G. Such a difference, which is of the order of 6% of the mean field value, can probably be explained by systematic effects (e.g., difference of instrumental polarization) between the measurements performed on different spectral lines with different telescopes and spectrographs.
After subtracting 750 G from Preston's (1970) data, we combined them with our data and performed a period search on the whole set. The value of the period derived in that way, from measurements spanning 38 years, is: P = (129.95 ± 0.02) d, which is slightly more accurate but fully consistent with North & Adelman's (1995) value. Both Preston's (1970) measurements (after subtraction of 750 G) and our data are plotted against the phase computed with this period in Fig. 29 . Figure 30 is a phase diagram, based on the same period, of all the published measurements of the mean longitudinal field (Babcock 1958; Preston 1970; van den Heuvel 1971; Mathys 1994b; . A very remarkable property of HD 126515 appears from the comparison of these two figures: the curve of variation of its longitudinal field is extremely asymmetric, while the variation of its mean field modulus is much less anharmonic. This behaviour, which is similar to that of HD 81009 (see Sect. 5.15) , is at odds with those of other stars studied in this paper for which enough open circles) longitudinal field determinations are available: in all of them, the longitudinal field varies nearly sinusoidally, while the field modulus may show significant anharmonicity.
HD 134214
We had reported in Paper III the observation of resolved magnetically split lines in HD 134214. Our 26 measurements of the magnetic field modulus of this star, obtained at ESO and at KPNO, are all clustered around 3.1 kG, with a standard deviation of 65 G. Since our spectra of this fairly bright star have a good S/N ratio and since Table 5 Fe II λ 6149.2 is not heavily blended, we estimate that the uncertainty of our field modulus determinations is significantly lower than this standard deviation, hence that we are detecting actual variations. Kreidl et al. (1994) were unable to establish the rotation period of this rapidly oscillating Ap star from their photometric observations. A period search conducted over our entire dataset yielded a most probable value of 12. d 844. It is obviously spurious, as it would correspond to a very peculiar distribution in phase of the observations: a cluster of scattered measurements over 0.2 cycle, and a field constant throughout the rest of the period. However, given the small amplitude of the variations, the period search could easily be frustrated by small systematic instrumental effects. To probe this eventuality, we repeated it on the ESO CAT + CES data alone. The standard deviation of these 24 measurements is 63 G. The 12.
d 844 period still appears, but a second peak corresponding to P = (4.1456 ± 0.0014) d also stands out in the periodogram. This period gives a much more convincing match to the ESO data, but in order for the two KPNO measurements to be consistent with it, one must assume that they are systematically smaller than those of ESO by about 100 G (see Fig. 31 ). This cannot be definitely ruled out, but is not easily reconciled with the absence of large systematic difference between the KPNO and ESO data for the other stars observed from both sites. It can be noted that if a shift of +100 G is applied to the KPNO measurements, the standard deviation of the whole set is slightly reduced, to 61 G.
In any event, the value of the period suggested above must be regarded at best as tentative. Should it be the actual period of rotation of HD 134214, that we see magnetically resolved lines would imply that the star's rotation axis makes a very small angle with the line of sight, a possibility also contemplated by Kreidl et al. (1994) . On the other hand, the period analysis performed on the ESO data alone does not allow one to exclude even shorter rotation periods. Nevertheless, the constraint that they would impose on the geometry of the observation would be even more stringent. In relation with this, it may also be stressed that no significant Doppler effect is definitely seen in the line profiles.
Two attempts by to measure the longitudinal magnetic field of HD 134214 gave null results.
HD 137909
HD 137909 (= β CrB) is one of the brightest and best studied Ap stars. The presence of magnetically resolved lines in its spectrum has first been reported by Preston (1969c) . Systematic determinations of the mean magnetic field modulus throughout the rotation period have been carried out by . They have subsequently been used by various authors, in combination with longitudinal field measurements, to derive constraints on the magnetic geometry of this star (see e.g. Landstreet 1980 and references therein).
We have obtained a new set of measurements of the mean magnetic field modulus of β CrB from observations performed at OHP with the AURELIE spectrograph and at KPNO. In Fig. 32 , they are plotted together with data against the rotation phase calculated according to Kurtz's (1989) ephemeris. Our measurements are seen to be in good agreement with those of close to magnetic maximum, but the amplitude of the variations seemed larger from the latter than it appears from our data. This discrepancy is probably mostly spurious, as indicated by the large scatter of data around field minimum. This scatter likely results from the difficulty of measuring the rather weak field of β CrB around that phase on photographic spectra restricted to the blue region (where the Zeeman splitting is smaller than in the red).
Considering our observations alone in Fig. 32 , the mean field modulus variations are seen to be strongly anharmonic, with a rather sharp raise toward a fairly narrow maximum and a smoother decrease toward a broader minimum. However, an inconsistency between the KPNO and OHP measurements, significantly larger than the internal scatter of each of these separate sets about a smooth variation curve, is apparent. Because the KPNO measurements were obtained contemporaneously with the OHP data interleaved with them, the discrepancy cannot be attributed to an inaccuracy of the value of the period used nor to the occurrence of secular intrinsic changes in the stellar field. Also the good internal consistency of each of Table 5 Fig. 33. Mean longitudinal magnetic field of HD 137909 against rotation phase. Data are from Mathys (1994b; filled squares) and open squares) the datasets taken independently (for instance, as we mention in Sect. 6, the rms deviation of the AURELIE data about a fit by a sine and its first harmonic is 28 G) rules out the possibility of short timescale intrinsic variations of the stellar magnetic field. The most likely interpretation of the observed different behaviour of the measurements conducted at OHP and at KPNO is that it results from a systematic instrumental effect. As this effect appears to depend on the rotation phase of the star, it is most probably related to instrumental polarization. This is of course worrisome, since if this explanation is correct, the shape of the curve of variation of the mean field modulus may depend on the instrument used to obtain it, which limits its usefulness for the diagnosis of the geometrical structure of the stellar magnetic field. This point is discussed in more detail in Sect. 6. Notwithstanding this, there is no doubt that, as already pointed out by , there is a very significant phase lag between the extrema of the mean field modulus and those of the longitudinal field: compare Fig. 32 with Fig. 33 , where the longitudinal field measurements of Mathys (1994b) and of have been plotted against rotation phase. This implies that the field of β CrB is not symmetric about an axis passing through the centre of rotation of the star: this star shows an extreme example of this property which appears widespread among Ap stars (e.g., Mathys 1993) . Modeling of the geometry of its field using the data presented here as well as Leroy's (1995b) broadband linear polarization measurements is under way, following the approach pioneered by Leroy (1995a) . Preliminary results have been presented by Wade (1995) .
HD 137949
The mean magnetic field modulus of HD 137949 has not significantly varied since our discovery that this star has magnetically resolved lines in March 1991 (Paper II). Our 13 determinations of it over almost 4.5 years, all performed from spectra taken at ESO with the CAT and the CES, have a standard deviation of only 23 G. This gives a good idea of the accuracy and reproducibility that are achieved in the measurements reported in this paper.
The absence of detectable variation of the mean field modulus is consistent with the lack of photometric variability in more than 7 years of observation (Deul & van Genderen 1983) , with the lack of detectable rotational sidelobes in the pulsation frequency spectrum of this rapidly oscillating Ap star (Kurtz 1991) , and with the constancy of its broadband linear polarization over 3 years (Leroy 1995b Wolff (1975) does not quote the uncertainty of the nine longitudinal field determinations that she obtained in one year, their standard deviation of 149 G is of the same order as the typical uncertainty of such measurements based on photographic spectra. The average and the standard deviation of all the longitudinal field determinations performed by various authors for HD 137949 are summarized in Table 6 . The columns are, in order, the reference of the paper where the data are published, the first and last date of observation, the number of measurements found in the considered reference, their average, and their standard deviation. For Babcock's (1958) single measurement, the latter is replaced by the estimated uncertainty. Under the hypothesis that indeed no short-term variation is detected in van den Heuvel's (1971) and Wolff's (1975) data, all the existing measurements of the longitudinal field of HD 137949 are consistent with a slow monotonic increase of this quantity, at a rate of ∼ 20 G/yr, since its first determination by Babcock (1958) .
This, combined with the other pieces of evidence mentioned above, strongly supports the view that HD 137949 is rotating very slowly. Under the assumption that its longitudinal field varies roughly sinusoidally (which is not unusual among Ap stars), its rotation period might be of more than 75 years: thus it would be of the same order as or longer than the period of γ Equ, until now the longest one of any known Ap star (see Sect. 5.38) . Further measurements, in particular of the longitudinal field, of HD 137949, will be most useful to confirm the suggestion made here.
HD 142070
Magnetically resolved lines have been discovered in HD 142070 in 1994. That this star is rotating rather quickly was soon recognized from the contribution of Doppler effect to the profile of Fe II λ 6149.2 (clearly seen in Fig. 3 ) and the occurrence of significant variations of its mean field modulus from night to night. To this date, 22 measurements of the latter have been accumulated. Their frequency analysis unambiguously shows that the rotation period of HD 142070 is P = (3.3748 ± 0.0012) d. Table 5 This makes HD 142070 the star with resolved magnetically split lines with the shortest unambiguously determined rotation period. This implies that the star must be observed almost pole-on. Indeed, from the width of the resolved line components, v sin i is constrained to be smaller than 5 km s −1 , approximately. Assuming that the stellar radius is at least 2.4 R , we derive for the inclination of the rotation axis on the line of sight an upper limit i < ∼ 8
• . That in these conditions the modulus of the magnetic field varies by almost 10% of its average value over a rotation cycle indicates that this field must be very inhomogeneous. Note also the very asymmetric shape of the variation curve of the the mean field modulus (see Fig. 34 ).
Between our first and last observations of HD 142070, its radial velocity has smoothly varied with a total observed amplitude of 2.5 km s −1 . The amplitude of the variation that has taken place since our first observation must be larger, though, as the radial velocity must have passed through a minimum between July 1994 and February 1995, when we have no spectra. In any case, our observations of this spectroscopic binary only cover part of its orbital period. Accordingly, this period must be significantly longer than 500 days.
HD 144897
Very little is known about HD 144897, a star in which the presence of magnetically resolved lines is reported here for the first time. The measurement of the field modulus in this star is difficult and not very accurate, due to heavy blending of Fe II λ 6149.2 on both its blue and red wings. Nevertheless, thanks to the fairly large amplitude of variation of the field modulus, the rotation period can Fig. 35 . Mean magnetic field modulus of HD 144897 against rotation phase. The meaning of the symbols is as given in Table 5 Fig. 36. Mean magnetic field modulus of HD 150562 against heliocentric Julian date. The meaning of the symbols is as given in Table 5 be unambiguously determined from our 26 measurements of this quantity:
The corresponding phase diagram is shown in Fig. 35 . Due to the above-mentioned difficulty of measuring the field modulus accurately, the shape of its curve of variation is not well defined. It however appears less anharmonic than that of other stars.
One measurement of the longitudinal magnetic field of HD 144897 by yielded a value close to +2.0 kG at phase 0.794.
HD 150562
About all that was known of HD 150562 until now is that it is rapidly oscillating (Martinez & Kurtz 1994) . We report here that it has spectral lines resolved into their magnetically split components. We have observed this star for a little more than one year. During this time, its mean field modulus has shown a slow, monotonic increase (Fig. 36) . Thus the rotation period must be significantly longer than 1 yr.
HDE 318107
The peculiarity of HDE 318107 has been discovered by North & Cramer (1981) through a study of the open cluster NGC 6405 in Geneva photometry. The observations reported here seem to be the first spectroscopic observations of this star, from which we report the detection of magnetically resolved lines. Due to its faintness, most of our spectra of this star are rather noisy (the S/N ratio is most often of the order of 70). Furthermore, Fe II λ 6149.2 is rather severely blended, especially on the blue side. Accordingly, our measurements of the mean magnetic field modulus are not very accurate: we estimate that their uncertainty is of the order of 300 G. This is still significantly less than the standard deviation of the whole set of measurements, 1065 G: the latter must reflect real variations. They appear inconsistent with the value of the rotation period favoured by North (1987) from a study of photometric variability. Reanalyzing the photometric data (kindly made available by P. North) together with our magnetic measurements, we were unable to find a single period consistent with both types of observations. Obviously, more data are required. Consideration of the longitudinal field may prove very helpful in that respect. One measurement of that moment has been reported by : +2.0 kG.
HD 165474
Resolved magnetically split lines have been discovered in HD 165474 by Preston (1971a) , who determined that the field modulus was 7.2 kG from the observation of Zeeman doublets. This value seems significantly larger than our own measurements, which range from 6.1 to 6.8 kG. However, from magnetic broadening of unresolved lines, Preston (1971a) had derived a field strength of 6.6 kG, more consistent with our data. The latter have a standard deviation of 139 G. This almost certainly indicates that we are detecting real field variations, since HD 165474 appears as one of the most favourable cases for the accurate measurement of the mean field modulus. Our measurements are inconsistent with the two values of the rotation period favoured by Leroy (1995b) Table 5 on our data alone. One value of the rotation period seems to stand out rather clearly:
The corresponding phase diagram is shown in Fig. 37 . One measurement is seen to show a large deviation: it corresponds to a very noisy spectrum, which may explain its behaviour. On the other hand, the ESO, OHP and KPNO data all appear reasonably consistent with this period. But because of the small amplitude of the variations, and because the visibility of magnetically resolved lines requires a rather peculiar geometry of observation with such a short period, we feel that this value of the period must be confirmed by additional observations before it can be regarded as definitive. Leroy's (1995b) linear polarization data are not useful in that respect, due to their unsuitable distribution in time. Published longitudinal field measurements, on the other hand, are somewhat puzzling: while Babcock (1958) had reported a non-negligible positive value (+900 G), three null measurements have been obtained by Mathys (1994b) and by , the first one in 1988 and the last two in 1992, at an interval of two days. This appears to be purely coincidental: preliminary visual examination of a spectrum recorded recently (end of July 1996) in both circular polarizations clearly indicates the unquestionable presence of a quite sizeable longitudinal field. Thus H z in HD 165474 turns out to show significant variability. Additional determinations of this field moment should consequently prove most useful to derive a definite value of the rotation period. Fig. 38 . Mean magnetic field modulus of HD 166473 against heliocentric Julian date. The meaning of the symbols is as given in Table 5 5.31. HD 166473
We report here the discovery of the presence of resolved magnetically split lines in the rapidly oscillating (Kurtz & Martinez 1987 ) Ap star HD 166473. Our measurements of the magnetic field modulus of this star are plotted against Julian date in Fig. 38 . It can be seen that the field was at its maximum at the time of discovery of the resolved lines. It remained fairly constant during our first observing season, and since then, it has been steadily decreasing. The relative amplitude of the variation is definitely one of the largest among the stars considered here. Minimum does not seem to have been reached yet: the rotation period must significantly exceed the time spanned by the observations obtained until now (3.2 yr). Three measurements of the longitudinal field over a time interval of 64 days are reported by : all yielded a field close to −2.1 kG.
HD 177765
HD 177765 is another star about which almost nothing is known. Since we found that it has magnetically resolved lines, we have obtained six measurements of its mean field modulus, spanning almost two years. Their standard deviation is only 19 G: the field has shown no variation during the interval covered by the observations. HD 177765 may well be another star with a very long period: this should be established by future observations.
HD 187474
Didelon (1987, 1988) has discovered the presence of resolved magnetically split lines in HD 187474. This star has a period of rotation of 2345 d, derived by Mathys (1991) from his own and Babcock's (to be also found in Fig. 39 . Mean magnetic field modulus of HD 187474 against rotation phase. The meaning of the symbols is as given in Table 5 Mathys 1991) longitudinal field measurements. This field moment varies between −1.8 (at phase 0.5) and +1.8 kG (at phase 0.0). The value of the period derived from its consideration is supported by photometric observations (Hensberge 1993) . Our magnetic field modulus data are plotted against the phase computed using Mathys' (1991) ephemeris in Fig. 39 . The anharmonicity of the variation curve is remarkable, all the more because the variation of the longitudinal field is almost perfectly sinusoidal (see Fig. 33 of Mathys 1991) . Observations in the next two years will be important, as they will fill the gap between phases 0.37 and 0.66 in the field modulus curve, and as they should in particular constrain the maximum of this quantity.
Note also that HD 187474 is a spectroscopic binary with an orbital period of 690 d (Leeman 1964) , much shorter than its rotation period.
HD 188041
Preston (1971a) had been the first to observe magnetically resolved lines in HD 188041. Our 15 measurements of its field modulus have a standard deviation of 37 G, part of which appears to be due to the detection of real variations of very low amplitude (probably not much more than 50 G peak-to-peak). Indeed, there is some hint in Fig. 40 at a systematic variation of the mean field modulus with the phase computed with the rotation period of 223.
d 9 derived by Hensberge (1993) . The field modulus appears to be maximum close to phase 0, and minimum close to phase 0.5. These extrema are close to those of the longitudinal field (see Fig. 36 of Mathys 1991) . Measurements of the latter have been performed by Babcock (1954 Babcock ( , 1958 , Wolff (1969) , Mathys (1994b) , and . It is always positive and varies with a peak-to-peak Table 5 amplitude not much larger than 0.5 kG, which is qualitatively consistent with the low amplitude of the field modulus variations. Note also that significantly variable broadband linear polarization is measured in this star (Leroy 1995b) .
HD 192678
From his broadband linear polarization measurements, Leroy (1995b) has derived a value of 6. d 4186 for the rotation period of HD 192678, a star in which the detection of magnetically resolved lines has first been reported in Paper II. Our magnetic field modulus measurements show a definite trend with this period, but there appears to be a systematic shift between those obtained at OHP with AURELIE and those obtained at KPNO. Since both sets are well distributed throughout the rotation cycle, this difference can be estimated just from the comparison of the mean of the measurements of each set. For the 20 OHP measurements, this mean is 4831 G, while for the 14 KPNO points, it is 4668 G. Accordingly, in order to bring all the data to the same scale, we subtracted 163 G from each OHP measurement.
We then performed a period search on the whole set of our measurements, modified as just explained. Two values of the period stand out: 5.
d 6237, which is quite inconsistent with Leroy's (1995b) linear polarization data and must thus be ruled out, and (6.4185 ± 0.0040) d, which is in excellent agreement with Leroy's (1995b) value. The latter is used to compute the phases of our observations. The resulting phase diagram is shown in Fig. 41 .
As for other short-period stars discussed in this paper, the axis of rotation of HD 192678 must make a small angle to the line of sight, so that resolved lines can be observed despite the rather fast rotation. As a matter of Table 5 . The AURELIE data have been shifted by −163 G fact, Doppler distortion is definitely seen in the split components of Fe II λ 6149.2. A detailed analysis of the magnetic geometry of this star, taking into account not only the present field modulus data and Leroy's linear polarization measurements, but also the longitudinal field determinations of Babcock (1958) and Glagolevskij et al. (1986) , is presented in a separate paper (Wade et al. 1996a ).
HDE 335238
The presence of resolved magnetically split lines in HDE 335238 has first been reported by Preston (1971a) . The distribution of our 16 measurements of the mean field modulus of that star along its rotation period appears particularly unfortunate, since while 14 of them lie between 7.8 and 8.8 kG, the other two determinations yield much higher values: 11.2 and 11.7 kG. Although this unusual distribution of the measurements may lead one to wonder whether the two "discrepant" high field values are not spurious (which might seem even more plausible because most of our spectra of this fairly faint star are rather noisy), their correctness is unquestionable. Indeed, in the two spectra from which a field of more than 11 kG is derived, all spectral lines do consistently show larger magnetic splitting than in our 14 other observations. As a matter of fact, Preston (1971a) had already reported field modulus values ranging from 9.1 to 11.8 kG in HDE 335238, in excellent agreement with the measurements presented here.
As a result of the poor phase distribution of our data, our attempts to determine the star's rotation period from their consideration suffer from severe aliasing problems. It appears that the period of HDE 335238 must undoubtedly be between 40 and 50 days, but there are several Fig. 42 . Mean magnetic field modulus of HDE 335238 against rotation phase, computed assuming that the rotation period is 44.
d 0. The phase origin is HJD 2447000.0. The meaning of the symbols is as given in Table 5 possibilities in that range between which one cannot unambiguously choose. The value P = (44.0 ± 0.3) d seems marginally more probable than the others (the phase diagram obtained with this period is shown in Fig. 42 ). But one cannot definitely rule out the aliases 49.
d 4, 47. d 9, and 42. d 8. Obviously, more observations of this star are required to settle the issue of its period. Babcock (1967) had mentioned that HDE 335238 is magnetic, probably on the basis of spectra taken in circular polarization, but the only published determination of its mean longitudinal field has been performed by , who found a value of −1.3 kG.
HD 200311
The first report in the literature of the presence of resolved magnetically split lines in HD 200311 is Adelman's (1974) mention of a private communication from Preston. However, this property of HD 200311 had apparently been forgotten until it came serendipitously to our attention (Paper II). The star brightness is at the limit for observation with a 0.9 m telescope, so that our KPNO spectra of it are rather noisy. Furthermore, since it is hot, the line Fe II λ 6149.2 is fairly weak. Therefore our mean field modulus measurements, especially those performed from KPNO spectra, are not quite so accurate as for most stars studied here. However, the amplitude of the field variations is large enough so that the stellar rotation period can be uniquely determined from the field modulus data. We find: P = (51.75 ± 0.13) d. Table 5 We used this period to build the phase diagram shown in Fig. 43 . One clearly sees in this figure that the KPNO data are more scattered than those from OHP about a smooth variation curve. This reflects the limits of accuracy mentioned above.
Like HDE 335238, HD 200311 was one of the stars reported to be magnetic by Babcock (1967) . More recently, measurements of its longitudinal field have been performed at the Special Astrophysical Observatory of the USSR Academy of Sciences (Glagolevskij et al. 1986 ) and at the Elginfield Observatory of the University of Western Ontario (to be published separately). They range, roughly, between −2.5 and +2.5 kG: HD 200311 appears to have a strong, polarity reversing longitudinal field.
HD 201601
We have confirmed in Paper I Scholz's (1979) probable detection of resolved magnetically split lines in HD 201601 (= γ Equ). It is well known, mostly from the longitudinal field measurements, that this star has a period that must exceed 70 years (see e.g. Mathys 1991) . It has sometimes been questioned whether this period really corresponds to the stellar rotation, or if some other effect might be involved. A compelling argument in support of the interpretation in terms of stellar rotation has recently been presented by Leroy et al. (1994) , on the basis of their observations of broadband linear polarization.
The behaviour of the mean magnetic field modulus over the 7 years during which we have repeatedly measured it is also consistent with the long period mentioned above: indeed, we mainly observe a slow, monotonic increase (Fig. 44) . There is some hint of a flattening of the curve in the last measurements, which may suggest that we are getting close to the field maximum. This is difficult Fig. 44 . Mean magnetic field modulus of HD 201601 against heliocentric Julian date. The meaning of the symbols is as given in Table 5 to ascertain though, all the more because like in other stars discussed in this paper (e.g., HD 137909, HD 192678), there also seem to be some systematic differences between measurements obtained with different spectrographs (with in particular the AURELIE data somewhat larger than the others).
HD 208217
In the region of Fe II λ 6149.2, the spectrum of HD 208217, in which the presence of magnetically resolved lines is reported here for the first time, bears some resemblance with that of 53 Cam (HD 65339): the lines are affected by a fairly large rotational Doppler effect, but the magnetic field is strong enough so that magnetic line splitting is observed. However, as in 53 Cam, rotation seriously complicates the determination of the mean magnetic field modulus. The difficulty is even aggravated by the fact that the blue component of Fe II λ 6149.2 is heavily blended. These circumstances severely limit the accuracy achievable in the diagnosis of the field modulus.
A first determination of the rotation period of HD 208217 has been made by Manfroid & Renson (1983) from Strömgren photometry. New photometric observations, combined with the magnetic data reported here, have allowed Manfroid & Mathys (1996) to refine this determination. They found P = (8.44475 ± 0.00011) d, a value which we use here to compute the phases of our observations. The resulting phase diagram for the mean magnetic field modulus is shown in Fig. 45 . Though as a result of the measurement intricacies mentioned above, it is rather noisy, there is a clear indication of a double wave in the curve of variation of the field modulus Table 5 (Manfroid & Mathys 1996 even found the contribution of the first harmonic to be marginally more significant than that of the fundamental). HD 208217 is the first star with resolved magnetically split lines known to show this behaviour, which should be widespread if the magnetic fields of Ap stars generally were centred dipoles. (This does not imply that the field of HD 208217 is a centred dipole.)
Our observations furthermore show that the radial velocity of HD 208217 is variable, with a peak-to-peak amplitude which is at least of the order of 20 km s −1 . The orbital period of this spectroscopic binary is presently unknown. A value of 75. d 1 cannot be definitely ruled out, but it appears more likely that the period is at least of the same order as the time span of our observations (2 years).
HD 216018
For a long time after the discovery that HD 216018 has resolved magnetically split lines (reported for the first time here), no variation of the mean field modulus of this star has been observed. Only during the last observing season has it started to show some trend to increase. This is illustrated in Fig. 46 . It appears probable that HD 216018 has a very long rotation period (much longer than the 3 years covered by our observations) and that we have first observed it close to its magnetic minimum. More observations should allow us to confirm this.
However, the long period hypothesis already receives some support from the three determinations of the longitudinal field performed by , 2 in 1992 on 2 consecutive nights and 1 almost one year later, which all yield essentially the same result (+1.3 kG).
The radial velocity of HD 216018 shows a behaviour very similar to the mean field modulus: it has remained essentially constant over most of our observations, and it Table 5 has started a slow decrease (by a couple of km s −1 ) during the last observing season.
Measurement errors
As mentioned in Sect. 2, one of the difficulties encountered in this study is to estimate the uncertainty of the mean field modulus measurements. In many previous studies of Ap stars, the magnetic field moment of interest (mean field modulus, longitudinal field, crossover, quadratic field) was derived through a least-squares fit of measurements of some quantity characterizing the profile of a sample of spectral lines by a function of some atomic parameters. The standard error of the magnetic quantity determined through this least-squares analysis could then be used as an estimate of the internal error affecting it (see e.g. Mathys 1994b Mathys , 1995a . This approach cannot be applied to the present case, where the mean field modulus is diagnosed from a single line. We cannot either use the kind of argument based on photon-counting statistics that allows one to estimate the error of longitudinal field measurements based on Balmer-line photopolarimetry (Landstreet 1982) . In fact, we have no way to estimate independently the uncertainty of the field modulus determinations for each studied star.
However, we can take advantage of our knowledge that the field moments for Ap stars undergo smooth, periodical variations as a result of stellar rotation. For a significant fraction of the stars studied in this paper, these variations, or at least a clear trend of the evolution of the field with time, are well defined. If we fit them by an appropriate mathematical function, we can use the rms deviation of the measurements about this fit as an estimate of the internal measurement errors for the star under consideration. Actually, we may rather expect to derive in that way an upper limit of the errors, since the mathematical function that we fit can at best be an approximate representation of the actual variation of the field modulus. Once we have estimated the measurement errors in that way for a sufficient number of stars, we can get a feeling of how they are related to the appearance of the line profiles. We can in turn use this knowledge to estimate the uncertainty of the field modulus measurements in other stars.
The results of this approach are summarized in the last two columns of Table 3 . In Col. 5 we give, for the 20 stars for which we judge that we can define sufficiently well the behaviour of the field modulus, the rms deviation of our measurements of this quantity with respect to the fit by the mathematical function that we find most appropriate to represent its variation.
For 7 of the stars (HD 2453, 12288, 81009, 93507, 144897, 188041, 192678) , we used a simple sine function as an approximation to the variation curve. It must be stressed that this does not imply that we consider that the magnetic field modulus of these stars undergoes perfectly harmonic variations. Simply, the accuracy of our data does not allow us to distinguish whether there is any significant departure from harmonicity (even less so since we have no independent error estimate to compare with the scatter of the observations about a sine wave). This remark also applies to the other functions adopted to fit the variations of other stars. In the case of HD 192678, the AURELIE data have been shifted by −163 G before computing the fit (see Sect. 5.35), so that the scatter about the fit can be regarded as reflecting random measurement uncertainties, but not systematic instrumental errors.
For 3 stars, HD 65339, HD 137909 and HD 142070, our data are well represented by the superposition of a sine wave and of its first harmonic. The poor quality, discrepant measurement of HD 65399 that we have obtained at phase 0.098 (see Sect. 5.12) was not included in the fit, since it does not appear representative of the typical measurement uncertainty. In the case of HD 137909, we have pointed out in Sect. 5.24 the probable existence of a systematic difference between the OHP and the KPNO measurements: fitting the OHP measurements alone (by a sine wave and its first harmonic), the rms deviation was decreased to 28 G (compared to 43 G for the whole dataset).
For HD 126515, the superposition of a sine wave and of its first three harmonics gives the best fit (however, while the third harmonic appears significant, the second one at most marginally contributes).
On the other hand, there are several stars for which our observations cover only a fraction of the (long) rotation period, during which the field modulus variation is essentially linear. The rms deviation given in Col. 5 of Table 3 for those stars (HD 965, HD 150562, HD 201601) is computed with respect to a straight line fit. In the case of HD 201601, there is some evidence of systematic differences between measurements obtained at various sites (in particular, the AURELIE data seem systematically larger than those obtained with the CES and the KPNO coudé spectrograph). But this systematic difference is difficult to define reliably, especially because (as noted in Sect. 5.38) HD 201601 may be nearing its magnetic maximum. In any case, even more than for any other star, the rms deviation given in Table 3 for this star must be regarded as an upper limit of the measurement uncertainty. We also fitted a straight line to the last 19 measurements of HD 166473 (the first four show a flattening likely corresponding to the field maximum) and to the measurements of HD 50169 except for the first and the last one. The latter seems affected by an abnormally large error of unidentified origin (possibly an unrecognized cosmic ray hit on the CCD affecting the recorded line profile), while the former, which had been obtained two years before the following ones, lies above the extrapolation of the straight line fit to them. (This may well indicate that at that time, the star was around its magnetic minimum.)
As argued in Sect. 5.20, the field modulus of HD 116458 has been regarded as not undergoing any significant variation and the standard deviation of our measurements (30 G) is taken as a good estimate of their uncertainties. We dealt in the same manner with HD 137949 and HD 177765, since we judge that we have not observed (yet?) any variation of their field modulus.
Finally, the distribution in phase of our observations of HD 200311 is not sufficiently uniform to allow us to ascertain the shape of the variation curve of its mean field modulus. However, since this star appears representative of a category of observations (somewhat noisy spectra of stars with a fairly weak line Fe II λ 6149.2, possibly affected by some blend or distortion) for which we have no better possibility to estimate the measurement uncertainties, we found important to try to get at least a rough indication of what the errors on the magnetic field modulus determinations may be for it. Therefore, we fitted our data for this star with a sine wave alone, and with superpositions of a sine wave and of up to its first three harmonics. None of these fits represents the observations significantly better or worse than the others, but the standard deviations of the data with respect to all of them fall between 320 and 355 G. Since due to its relative faintness, our KPNO spectra of this star are rather noisy (which shows up in the scatter of the measurements), we repeated the same procedure with our AURELIE data alone: the rms deviation was then down to around 260 G. For inclusion in Col. 5 of Table 3 , we adopt an intermediate approximate value of 300 G for this star.
As mentioned in the beginning of this section, we regard the standard deviation of the measurements of the field modulus of a given star with respect to a fit of its variation by a suitable mathematical function as representative of the uncertainty affecting these measurements. Admittedly, in some cases (e.g., HD 93507: see Sect. 3.16), the measurement error shows some dependence on the rotation phase. However, this should only occur for a very small number of the stars under consideration, and even for these stars, the adoption of an average value of the uncertainty appears as the most reasonable (or even only acceptable) approach.
The smallest values of the standard deviations appearing in Col. 5 of Table 3 are of the order of 20 − 30 G. They are obtained for stars in which the components of the line Fe II λ 6149.2 are well resolved, sharp and mostly symmetric (not showing any distortion by rotational Doppler effect), and not too heavily affected by blends (especially, the unknown blending line(s) frequently affecting the blue side of Fe II λ 6149.2 should not be too strong with respect to the latter). In such cases the accuracy of the measurements appears to be limited primarily by the accuracy of the wavelength calibration. Indeed, the latter can be estimated from the rms deviation of the wavelengths of the lines of the calibration arc spectrum with respect to the fitted dispersion curve. This deviation is typically of the order of 1/20 to 1/30 of a pixel. Taking as an example a spectrum recorded with the long camera of the ESO CES, this corresponds in wavelength units to between 0.85 and 1.3 mÅ, or in terms of magnetic field (see Eq. (1)), to between 18 and 27 G.
As the next step, we evaluated the uncertainty of the determination of the magnetic field modulus in the stars for which the variation of this quantity is not sufficiently well defined to fit it by a mathematical function. For this, we compared the profile of Fe II λ 6149.2 in those stars with its profile in the stars discussed earlier in this section. The resulting error estimates appear in Col. 6 of Table 3 . We are confident that these estimates should be correct to within ±30%.
HD 59435 is the only star for which there is no entry either in Col. 5 or in Col. 6 of Table 3. On the one hand, estimating the measurement error from the aspect of the profile of Fe II λ 6149.2 may not be safe, since in many cases, this profile could only be recovered after removing the contribution of the other component of this SB2 system: possible additional errors may be introduced by this operation. On the other hand, as mentioned in Sect. 5.10, while the field modulus of this star undergoes large variations, our measurements probably do not cover a full rotation cycle yet, so that their rms deviation with respect to a mathematical fit may not be quite representative of the measurement uncertainties. However, it appears e.g. from the consideration of Fig. 19 , that the latter should not exceed much 50 G.
The discussion so far has been focussed onto the random measurement errors. Our field modulus determinations may plausibly also be affected by systematic errors. The latter might introduce e.g. a constant offset of the field values, or an incorrect scaling of the measurements. Such effects affect all the determinations of the mean magnetic field modulus of a given star in essentially the same way: they do not show through in the dispersion of the measurements.
As a matter of fact, two sources of systematic errors can be readily identified in our measurements.
First, as mentioned in Sect. 2, the line Fe II λ 6149.2 is formed in a regime of partial Paschen-Back effect, and the interpretation of its splitting in terms of the mean magnetic field modulus through Eq. (1), which corresponds to pure Zeeman effect, is only a good approximation. The magnitude of the error that is introduced in that way depends on:
-the magnetic field strength (since departures from the Zeeman regime increase with it); -the orientation of the magnetic field with respect to the line of sight (as this defines the relative intensities of the σ and π line components, which behave differently from each other in the partial Paschen-Back regime); -the equivalent width of the line Fe II λ 6149.2 (since the degree of saturation also affects the relative intensities of the σ and π components).
In fact, the field strength, its orientation, and the emergent line intensity, vary from point to point on the stellar surface. But the error introduced by neglecting the departures from the Zeeman regime is, in practice, always small, and it is enough to estimate it for a simple representative case. For instance, for a magnetic field of 20 kG, the actual splitting of the σ (resp. π) components is 1.021 (resp. 0.979) times the pure Zeeman splitting. Accordingly, in the stars discussed in this paper, the systematic error introduced by neglecting the departures from the Zeeman effect should never be much larger than 2% 2 . The second type of systematic errors that is definitely present is of instrumental origin. Indeed, it has been seen in Sect. 5 that for several stars (in particular, HD 137909, HD 192678, and HD 201601) , the field modulus measurements obtained from OHP AURELIE spectra are systematically different from those obtained with other instruments, in particular with the ESO CES and the KPNO coudé spectrograph. As a matter of fact, all the instrumental configurations used but AURELIE yield field determinations that are quite consistent, at the achieved level of accuracy.
Because the effect varies from star to star, as well as, for HD 137909, with rotation phase (see Sect. 5.24), we are led to think that it results from the modification of the linear polarization of the stellar light by the optical train. The resulting effect may be rather complex, since the polarization of the light emitted by the star varies across the line profile in a manner which depends on the structure of the magnetic field and on the geometry of 2 Note that the Landé factor of the upper level of Fe II λ 6149.2 is known to an accuracy better than 0.009: that is, the uncertainty that it introduces in the field measurements does not exceed 0.3%. the observation. The interpretation of the observed systematic measurement differences in terms of instrumental polarization receives further support from the fact that HD 137909, HD 192678, and HD 201601 are among the stars for which Leroy (1995b) reports the definite detection of broad-band linear polarization. A more definite characterization of the effect would require the knowledge of the geometric structure of the magnetic field of the considered stars and is therefore beyond the scope of this paper.
The vast majority of the observations discussed in this paper, including those performed with AURELIE, were obtained through coudé systems. We do not believe, however, that oblique reflections on the plane coudé mirrors can account for the modification of the polarization discussed above. Otherwise, the effect would also depend on the position of the star in the sky: thus, it would show through (at least, in part) as additional scatter about the field variation curve of a given star. Such additional scatter does not appear to contribute significantly to the rms deviation of the HD 137909 AURELIE measurements about a smooth variation curve, which as reported earlier in this section, is fully consistent with the accuracy achievable in the wavelength calibration. In addition, there is no reason to suspect that the 4-mirror coudé train of the OHP 152 cm telescope would affect the light polarization more badly than the other coudé (or Nasmyth) systems used in this study. Some of them actually might be expected to be much more harmful to the stellar light polarization: for instance, the CFHT with its train of 7 mirrors with optimized coatings, or the alt-alt mounted ESO CAT with its 3 mirror system whose flat tertiary is frequently used at very large incidences. However, there is no indication in our data of major polarizing effect from any of these coudé systems.
It seems much more plausible that the main source of instrumental polarization rather is the spectrograph grating. With respect to this, it is noteworthy that AURELIE was equipped for our observations with a "normal" grating used in the second order, while all the other spectrographs that we employed had echelle gratings used in higher orders (that is, at high angles).
As already stressed in Sect. 5.24, the kind of systematic effect discussed here may set a rather severe limitation to our ability to determine the geometrical structure of the stellar magnetic fields, since it may modify the shape of the curve of variation of the mean field modulus (and in particular, there is some hint that it may shift the apparent phases of field extrema). Fortunately, the good consistency of the data that we obtained with all instrumental configurations but AURELIE seems to indicate that only the latter may be significantly affected by instrumental polarization.
Our data do not show any evidence of systematic errors other than those discussed above.
Discussion
Magnetic fields
When the study reported here started, there were in the literature about 80 published measurements of the mean magnetic field modulus of Ap stars. Although 12 stars with magnetically resolved lines were known, almost all of those 80 measurements pertained to only four of them: HD 65339, HD 126515, HD 137909, and HD 215441. As a result, these four stars were for a long time the Ap stars for which the best knowledge of the magnetic field geometry had been achieved. However, due to their small number, it was impossible to decide confidently whether their properties were representative of those of Ap stars in general, or if they rather were isolated unusual specimens. It was even less feasible to use the limited data available to derive information of statistical nature, such as on the distribution of the field strength among Ap stars, or on the relation between field strength and other stellar properties.
The more than 750 measurements of 40 stars reported here therefore open a wide range of new perspectives. A number of general results that can be inferred from these new data at the present stage (that is, in particular, prior to any modeling effort) are discussed hereafter.
On the spectra plotted in Figs. 2 to 4, one can see that in virtually all studied stars in which the magnetic splitting of Fe II λ 6149.2 is large enough, the profile of this line comes back to (or very close to) the continuum between the two split components. There is no significant absorption at the nominal wavelength (centre) of the line, as should be the case if part of it was formed in regions devoid of a magnetic field. Since there is no evidence for extreme inhomogeneities in the distribution of iron over the surface of any of the considered stars (nor in any Ap star known), the observed spectra sample essentially the whole stellar hemisphere visible at the time of observation. Therefore, it appears that the magnetic field of the considered stars covers all (or most of) their surface or, in other words, has a filling factor (nearly) equal to 1.
Moreover, it can also be seen in Figs. 2 to 4 that, in most cases, the split components of Fe II λ 6149.2 are very sharp. This indicates that the magnetic field prevailing in the line forming region has a rather uniform strength. Indeed, if very different magnetic field intensities were found at different locations on the star, locally the lines originating from these regions of different magnetic fields would have different splittings. The observed line, which is an average of them, would as a result have broader components. We have actually mentioned in the course of the discussion of the individual stars that a few of them (HD 9996, HD 18078, HD 55719) appear from the profiles of the split components of Fe II λ 6149.2 to have magnetic fields more inhomogeneous than the bulk of the sample.
In a number of the studied stars (pointed out in Sect. 5), the profiles of the split components of the line Fe II λ 6149.2 appear distorted by rotational Doppler effect. This distortion varies along the stellar rotation period. Probably its most characteristic signature is that, at some phases, the red component of Fe II λ 6149.2 is deeper than its blue component, which is opposite to the behaviour due to partial Paschen-Back effect alone. Rotational Doppler effect masks the sharpness of the line components. When sufficiently large compared to the line splitting, it may also result in partial overlap of the components of Fe II λ 6149.2, thus preventing them from reaching the continuum at line centre.
Besides the cases when the magnetic field is too weak to yield full splitting of sharp components and those when rotational Doppler effect broadens the components so much that they are no longer fully separated, there are two stars in which the split Fe II λ 6149.2 profile fails to come back up to the continuum at line centre: HD 166473 and HD 216018. These two cool Ap stars have very rich spectra. It may be noted in Figs. 2 to 4 that they are among the stars in which the unrecognized blue blend of Fe II λ 6149.2 is strongest, and it seems probable that another blend affects the centre of the line.
Thus our observations are consistent with the view that the surface of the Ap stars is wholly covered by a magnetic field whose strength varies within a limited range from place to place. This result is not entirely new (see e.g. Preston 1971b ). But thanks to the high quality of our spectra (as compared to the photographic ones), much more stringent constraints can be set on the filling factor and on the field distribution. Even more importantly, given the large number of stars that have been studied, the abovementioned result can confidently be regarded as a generic property of Ap stars.
The much increased sample of stars with fairly to well studied magnetic field modulus (as compared with the data available in the literature so far) also allows one to derive statistically significant results, e.g. about the distribution of the strength and of the amplitude of variation of the fields.
An histogram illustrating the distribution of the average H av of the mean magnetic field modulus is shown in Fig. 47 . It is plotted from the values of H av appearing in Table 2 , with this quantity defined as explained in Sect. 4
3 . The shaded part of the histogram corresponds to the stars that have been observed throughout their whole rotation cycle; the unshaded area accounts for the stars for which only partial phase coverage has been achieved. The highest bin of the histogram is "open" on the high value side: it contains all stars for which H av > 15 kG. The vast majority of the studied stars have average magnetic field moduli in the range 3 − 9 kG. There are a few, more or less isolated stars, with considerably stronger fields. Babcock's star, HD 215441, more than 35 years after its discovery (Babcock 1960) , still stands as the record holder, with its mean field modulus close to 34 kG. The next strongest fields hardly reach 17 kG.
But while the high field strength tail of the distribution seems fairly compatible with the combination of a "standard" statistical distribution (analogous to e.g. Poisson's law) and of small number statistics, the low field end shows a puzzling, rather sharp cutoff. Indeed, while more than 40% of the stars of the sample have a value of H av between 3 and 5 kG, for only 2 stars (less than 5%) is this quantity less than 3 kG. H av in these 2 stars, HD 29578 and HD 75445, is resp. 2782 G and 2985 G. Although it is not clear whether a full rotation cycle of those two stars has been sampled so far, it seems unlikely that their mean field modulus may at any phase go much below its lowest value found until now (resp. 2.7 kG and 2.9 kG: see Sects. 5.7 and 5.14). As a matter of fact, there is only one star, the SB2 HD 59435, for which some of our measurements of the mean field modulus yield values significantly lower (down to approx. 2.2 kG). But this star has one of the largest relative amplitudes of field modulus variation, and since our observations likely cover most of its rotation period (and in particular its mean field modulus minimum: see Sect. 5.10 and Fig. 19 ), it can be regarded as well established that the average over its rotation cycle of its mean field modulus is not smaller than 3 kG. As mentioned in Sect. 5.6, the profile of Fe II λ 6149.2 in HD 18078 at phases where no splitting is observed is still consistent with a field modulus of the order of 3 kG.
Thus all the data gathered so far are consistent with the view that the average of the mean field modulus of Ap stars over their rotation cycle is never less than 2.8 − 3.0 kG. However, we expect to be able to observe resolved magnetically split lines for significantly weaker fields. Indeed, taking 10 4 K as a representative temperature for an Ap star, the thermal broadening for iron is 1.7 km s −1 . Microturbulence is not thought to be large in Ap stars: it is unlikely to exceed 2 km s −1 . For the configuration most used in this study, the long camera of the ESO CES, the full width at half maximum of the instrumental profile is 3 km s −1 . Combining these three contributions quadratically, it appears possible two resolve two lines (or two line components) separated by 4.0 km s −1 . For the split components of Fe II λ 6149.2, this corresponds to a limit of resolution of 1.7 kG, in the absence of any broadening source other than those already considered. This latter restriction is realistic, as can be seen from the consideration of the stars with resolved lines studied here. The uniformity of the field of most of them (and the resulting sharpness of the split components of Fe II λ 6149.2) has been stressed above. Furthermore, rotational Doppler broadening is negligible in most cases: for a stellar radius of 5 R and a rotation period of 1 yr (a value reached or exceeded by about half the stars with resolved lines known), v sin i is smaller than 0.7 km s −1 . These arguments indicate that we should be able to detect magnetic line splitting in a non-negligible number of stars with a mean field modulus of significantly less than 3 kG. This view is also supported by the consideration of the splitting of Fe II λ 6149.2 in the spectrum of HD 75445 shown in Fig. 2 (corresponding to a mean field modulus of approx. 3 kG): clearly the components of the line could still be (partly) resolved even if the star had a considerably weaker field.
Thus one is led to the intriguing conclusion that the absence among the known stars with resolved magnetically split lines of any star with a phase-averaged field modulus lower than 2.8 − 3.0 kG is not due to observational limitations but rather reflects an intrinsic stellar property. This is somewhat unexpected, since the distribution of the mean longitudinal field (the field moment that has been most determined) is continuous, strongly skewed toward small field values, down to the limit of detectability (Landstreet 1992) .
Beside the stars discussed here, we have in the course of this project observed stars in which we failed to detect magnetically resolved lines. The detailed study of those (much more numerous) stars is beyond the scope of the present work. From a preliminary inspection of their spectra, it appears that their lines either are sufficiently broadened by rotational Doppler effect to smear out a possible splitting by a field Fig. 48 . Observed average of the mean magnetic field modulus against the Strömgren photometric index (b − y). Dots: stars with field modulus determination throughout the rotation cycle; triangles: stars with incomplete phase coverage of the field modulus measurements. Open symbols are used to distinguish those stars for which the photometric index is affected by the contribution of a companion of the order of 3 kG, or (like HD 133792, shown in Fig. 1 ) have profiles so sharp and "clean" that the considered star must have quite a weak field (probably not exceeding 1 kG), or perhaps even no field at all. In any case, there is no flagrant inconsistency with the existence of a sharp discontinuity in the distribution of the mean field moduli around 3 kG.
We shall not, for the time being, attempt to interpret this discontinuity, which is reported for the first time here. To address this question properly, we consider that it is necessary in a first stage to exploit more fully the information contained in our observations of stars with unresolved lines (in particular, by deriving more quantitative constraints on their magnetic fields). This will be the subject of a future work.
We shall now discuss possible correlations between the mean magnetic field modulus and other stellar properties.
In Fig. 48 , the average H av of the field modulus is plotted against the Strömgren photometric index (b − y). In the figure, different symbols are used to distinguish the stars for which full phase coverage is achieved (dots) from those where our data only sample part of the rotation cycle (triangles). Open symbols are used to single out three stars whose colour is distorted by the contribution of a companion: the SB2s HD 55719 and HD 59435, and the visual binary HD 81009 (a system discussed in some detail in Paper I, whose components of almost equal visual magnitude are separated by less than 0. 2). . Observed average of the mean magnetic field modulus against the Geneva photometric index Z. Dots: stars with field modulus determination throughout the rotation cycle; triangles: stars with incomplete phase coverage of the field modulus measurements. Open symbols are used to distinguish those stars for which the photometric index is affected by the contribution of a companion (b − y) is primarily a temperature indicator, in spite of the facts that it is affected by interstellar reddening and that the chemical peculiarities of Ap stars confer them anomalous colours. Therefore Fig. 48 essentially illustrates the relation between the mean magnetic field modulus and the stellar temperature. From its consideration, it appears that while the ∼ 3 kG lower limit of the field strength distribution is roughly independent of the temperature, hotter stars may have stronger fields than cooler stars. In other words, the scatter of the possible intensities of the field modulus for a given temperature increases with the temperature. The inconsistency between this conclusion and the location of HD 215441 (the star with the strongest magnetic field known) in Fig. 48 is only apparent and due to our neglecting the fairly strong reddening of this star (see e.g. Stepień 1968) . It is actually one of the very hottest stars of the whole sample, if not the hottest one: if its intrinsic (and not apparent) colour was used for the plot, it would appear very close to the right edge.
The indications found here that hot Ap stars may achieve higher magnetic field moduli than cool Ap stars may bear some relation with the result that the longitudinal fields of hot He weak stars and of He strong stars are in the average stronger than those of Ap stars and of cool He weak stars (Landstreet 1992) . However, it must be stressed that our sample is limited to stars of the latter groups, and does not encompass any hot He weak or He strong star (which, as a matter of fact, are too hot to show the line Fe II λ 6149.2). . Observed average of the mean magnetic field modulus against rotation period. Dots: stars with well determined periods (open dots are used to distinguish those stars for which our field modulus measurements do not cover the whole rotation cycle); triangles: stars for which only a lower limit of the period is known
Another photometric quantity of interest is the reddening-free index Z of Geneva photometry. Cramer & Maeder (1981) had suggested the existence of a linear relation between Z and H for stars earlier than A5 (that is, with the Geneva index Y > −0.110) with a field modulus not exceeding 5 kG. This result has been questioned by various authors (see in particular Oetken 1984) . The most recent discussion of the issue (Paper II) did not support its validity. However, the discussion relied to some extent on indirect determinations of the field modulus, from the differential magnetic intensification of the Fe II lines λ 6147.7 and λ 6149.2. The relation between the latter and H appears at present more ambiguous than it seemed from the consideration of the much smaller number of data available when Paper II was written (see also Takeda 1991) , so that it will have to be rediscussed. Because this discussion calls on a number of considerations that go beyond the scope of the present paper, and because it is especially relevant to the study of the stars whose lines are not magnetically resolved, we leave it for a future work in which those aspects will be addressed.
Therefore, the results reported in this paper are insufficient to settle the question of the possible relation between Z and H , since a large fraction of the stars for which new data have been obtained are either too cool or too strongly magnetic to fall within the purported range of validity of that relation. For the sake of completeness, we show in Fig. 49 a plot of the mean magnetic field modulus against the Z parameter. As for the dependence on (b − y), but somewhat more marginally, there is some indication that the field strengths can span a wider range (or have a higher upper limit) for higher absolute value of Z. Also the absence of any star with |Z| < 0.030 is noticeable. But these two results must be taken cautiously: the sample of stars in which we have looked for resolved lines is likely significantly biased toward high absolute values of Z, since in a first stage of our study, such a high value was one of the criteria used to select some of the candidates to be observed.
There also seems to be some anticorrelation between the mean magnetic field modulus and the stellar rotation period. This is illustrated in Fig. 50 , where the observed average of the field modulus, H av , is plotted against the rotation period P . For stars for which only a lower limit of the latter has been derived so far, this lower limit is shown. 35 stars appear in Fig. 50 (not enough is known about the period of the 7 remaining stars), of which 16 have a rotation period shorter than 150 days. Of these 16 stars, 10 have H av > 7.5 kG, while the 19 stars with a period longer than 150 d all have H av < 7.5 kG. In order to check whether this might result from a possible correlation between the effective temperature and the rotation period, we have in Fig. 51 plotted P against (b − y) for the stars of our sample. From this figure, period and temperature appear essentially independent from each other.
Let us now discuss the variations of the mean field modulus, and their meaning in terms of geometrical structure of the studied fields.
Of all the stars for which the observations obtained until now sample adequately the variations of the mean magnetic field modulus, only one (HD 208217) has a doublewaved variation curve, while all others only have one minimum and one maximum per rotation cycle. This indicates that the field of these stars is generally not a centred dipole. Indeed for such a dipole, the field would be weakest at the magnetic equator and strongest at the rotation poles, and would have the same intensity at both of those poles. Provided that the geometry of the observation is such that both poles come alternatively into view 4 , there should be two (identical) maxima and two (identical) minima of the field modulus per rotation period. Statistically, in a sample of the size studied here, there should be several stars fulfilling the condition (i + β) > 90
• : that the magnetic field of Ap stars is not a centred dipole, a result already clear for a number of stars, is established here much more generally. This is even more so because in HD 208217, the two field maxima appear different: the field is not a centred dipole either, in spite of the doublewave variation.
As a matter of fact, many of the H variation curves show some anharmonicity. This indicates that the fields 4 That is, provided that the sum of the angles i (between the stellar rotation axis and the line of sight) and β (between the magnetic and rotation axes) is greater than 90
• . . Dots: stars with well determined periods; triangles: stars for which only a lower limit of the period is known. Open symbols are used to distinguish those stars for which the photometric index is affected by the contribution of a companion of the corresponding stars have significant non-dipolar components (e.g., higher-order multipoles). Several of the H curves (HD 137909, HD 142070, probably HD 94660 and HD 187474) are not even symmetric about the phases of their extrema. This means that their fields do not have the property of cylindrical symmetry with respect to an axis passing through the centre of the star. This conclusion is the same as reached by Mathys (1993) from the consideration of other field moments 5 in other, (generally) faster-rotating Ap stars: again, the present study confirms that a result (the lack of symmetry of the magnetic field) that could in the past be suspected to belong only to some isolated, possibly exceptional object, is in fact widespread among magnetic Ap stars.
The distribution of the ratio q = H max / H min of the maximum to the minimum of the mean magnetic field modulus (hereafter called the relative amplitude of the variation) is shown in Fig. 52 . Again, the shaded part of the histogram corresponds to "real" extrema (that is, to stars observed throughout their whole rotation cycle). Both the complete histogram and the shaded part are strongly skewed toward small values of the ratio: this consistency suggests that few of the stars for which phase coverage is still incomplete will be found to have a large relative amplitude of variation of H . This, however, makes sense only provided that there is no relation between the 5 Note also that the curves of variation of the longitudinal field of HD 81009 and of HD 126515 are not symmetric about their extrema, although the field modulus curves of those stars have that symmetry (see Sects. 5.15 and 5.22) . rotation period and the variation amplitude (since the stars with incomplete phase coverage have periods longer in the average than the periods of the stars for which our data sample well the rotation cycle). The possible existence of such a correlation, although it does not seem very likely (cf. the large amplitude of variation of the shortperiod star HD 65339), cannot be definitely ruled out at present. On the other hand, it can be noted that for 7 at least of the stars with resolved magnetically split lines currently known, q is greater than 1.25, that is, the upper limit for a centred dipole.
Knowing the mean field modulus alone is insufficient to characterize the geometrical structure of the stellar magnetic field. The latter can be better (although not uniquely) constrained from the simultaneous consideration of the field modulus and of the longitudinal field, and of their variation along the star's rotation cycle. As can be seen in Table 2 , measurements of the longitudinal field throughout the rotation period are available for 12 of the stars with magnetically resolved lines currently known. For all of them but two (HD 9996 and HD 187474) , enough determinations of the field modulus have been performed to define its variations. In Fig. 53 , we have plotted the ratio q of the extrema of the field modulus against r, the quantity commonly used to characterize the relative amplitude of variation of the longitudinal field. The latter is defined as r = H z s / H z l , where H z s is the smaller Fig. 53 . Relative amplitude of variation q of the mean magnetic field modulus against the ratio of the extrema of the mean longitudinal magnetic field. Open symbols are used to distinguish two stars, HD 9996 and HD 187474, for which only incomplete phase coverage is achieved by our measurements of the field modulus and H z l the larger (in absolute value) of the observed extrema H z max and H z min of H z . r is negative when the longitudinal field reverses its sign, that is (in the simple picture of dipolar field geometry) when both magnetic poles come into view during a rotation period. r gets close to −1 when the maximum and the minimum of H z are symmetric with respect to 0, which in the dipole model occurs when the angle β between the dipole axis and the stellar rotation axis is close to 90
• . Conversely, for positive values of r, the same magnetic pole remains within view throughout the whole rotation cycle. r tends towards 1 whenever the line of sight or the magnetic axis (or both) become parallel to the rotation axis.
The representative points of all the stars for which the relevant information exists are found in the lower left half of Fig. 53 . This is emphasized on the figure by the dashed line crossing it diagonally. Thus, when the same magnetic pole is seen at all phases, the relative amplitude of variation of the mean field modulus is small. It seems that large variations of H can be observed only provided that both magnetic poles come within view at some phase. This is not trivial, as for a centred dipole, the field on the surface of the star is maximum at both poles and minimum at the equator. Even though this result is based upon a rather small number of stars, it points towards the rather general existence of a quite significant difference between the two magnetic poles of Ap stars.
From the simultaneous consideration of the curves of variation of the longitudinal field and of the mean field modulus, one can in principle derive uniquely a simple model of the magnetic field structure (e.g., dipole offset along its axis or superposition of collinear dipole and quadrupole), provided that the extrema of H z and of H occur at the same phases, and that the curves of variations of both quantities are symmetric with respect to the phases of these extrema. We have shown above that those two conditions are generally not fulfilled. Thus more complex field models are required: we postpone their discussion to a future paper.
Rotation periods
As a by-product of the present study, we have been able to perform or to improve the determination of the rotation period of a number of stars, and to set lower limits on the period of several others. Consequently, the number of Ap stars known to rotate with periods longer than 30 days has almost doubled, rising from 16 to 31 (assuming that the fact that no variations of the magnetic field of HD 177765 have been observed so far is due to its having a long period). This allows a better characterization of the slow-rotation tail of the period distribution of those stars, as shown in Fig. 54 . The shaded part of the histogram corresponds to those stars whose period is known, the unshaded one to stars for which only a lower limit is available so far. The upper bin of the histogram is "open" towards the large values of the period. Note however that there is currently no star showing definite evidence of having a period that would exceed its upper boundary, if it had the same width as the other bins (that is, if its upper boundary was 84 years). Fig. 54 . Histogram showing the distribution of the rotation periods of Ap stars above 30 days. The shaded part of the histogram corresponds to stars whose actual rotation period is known; the unshaded part to stars for which only a lower limit of the period has been set so far Taking into account the fact that the stars for which only lower limits of the period have been obtained so far may, when they have been studied long enough, shift to higher bins in the histogram, the distribution in Fig. 54 is consistent with an equipartition of the long periods (say, over 1 year) of Ap stars on a logarithmic period scale, or in other words, with a distribution decreasing exponentially with the period. Nevertheless, this result at present still has a limited statistical significance, and it will be very interesting (but it will require quite a long time) to see if it remains valid as new long periods are determined. But it is already clear that periods in excess of one year, albeit infrequent, are not exceptional among Ap stars. It has sometimes been questioned in the past whether these periods do indeed correspond to stellar rotation, or if they rather belong to intrinsic, secular field variations. Leroy et al.'s (1994) study of γ Equ (with HD 137949 the Ap star with the largest lower limit of the period until now) in linear polarization strongly favours the former interpretation. It should also be stressed that extremely slowly rotating Ap stars do not seem to differ systematically from their faster counterparts in any other respect (note in particular the absence of temperature dependence for the stars of the present sample in Fig. 51) . Accordingly, the mechanisms by which stellar rotation can be slowed down to the extent observed in some Ap stars remain enigmatic.
At the opposite extreme, a few of the Ap stars with magnetically resolved lines have periods of the order of one week or less. Their interest comes not from their period by itself (the vast majority of Ap stars have period in the 1-7 day range), but rather from its conjunction with the appearance of resolved magnetically split lines. Indeed, the fact that rotational Doppler effect is small with respect to the magnetic splitting implies that the inclination of the rotation axis with respect to the line of sight must be (very) small. In other words, these fast rotating stars with magnetically resolved lines are unique examples of stars definitely seen (rotation) pole on.
Binarity and pulsation
Accurate radial velocity determinations can be performed from the high-resolution spectra obtained for the present study of the magnetic fields. Thanks to this, and to the fact that we had to observe repeatedly the same stars over long time spans, we could report in this paper the occurrence of radial velocity variations in 8 stars for which such variability was not mentioned in Renson's et al. (1991) General Catalogue of Ap and Am stars. Our observations also confirmed the indication given in that catalogue that the radial velocity of HD 94660 is variable. In addition, 7 of the stars considered here belong to well studied spectroscopic binaries, HD 81009 is a visual binary system (discussed to some extent in Paper I), and HD 165474 is the secondary of a visual binary whose primary (7 apart) is the fast-rotating, normal A star HD 165475. The detailed presentation of our radial velocity data and the derivation of the orbital elements of the binary systems are beyond the scope of this paper. For the time being, we shall restrict ourselves to a brief discussion of some intriguing facts that are unveiled through a first inspection of the measurements.
Of the 41 stars with resolved magnetically split lines that have been repeatedly observed (that is, excluding HD 47103), 18 appear to belong to binaries. This rate of occurrence of binarity (44%) is between the frequencies found by Gerbaldi et al. (1985) for SrCrEu stars (46%) and for hot Ap stars (37%). However, 16 of the 18 Ap binaries considered here have an orbital period longer than 100 d, and for at least 10 of them, the orbital period must even exceed 1000 d. Thus the distribution of the orbital periods of the binary systems containing an Ap star with magnetically resolved lines is much more skewed towards long periods than that of Ap binaries in general (see Fig. 8 of Gerbaldi et al. 1985) .
The interpretation of this observational result is not straightforward. Components of wide binaries like those of interest here must have evolved in an essentially independent manner. In particular, the slow rotation of the Ap star cannot be attributed to an interaction with its companion. As a matter of fact, there is no relation between the rotation and the orbital periods of the stars of interest: for 6 of them the rotation period is shorter than the orbital period, while for another 6, the orbital period is longer (for the 6 remaining systems, the data available so far are inconclusive).
An alternative explanation is that, rather than an excess of long orbital periods among binaries containing Ap stars with magnetically resolved lines, what we observe in fact is a deficiency of short orbital periods among such binaries. In support of this idea, one may note that the binary nature of several of the stars with resolved lines has been established from the observation of very small radial velocity changes (of a few km s −1 ) which have taken place over quite long timescales (several years). The detection of such minute variations was possible only because over a long period we repeatedly obtained high-resolution spectra of very slowly rotating stars (which allowed us to derive very accurate radial velocities). For the vast majority of Ap stars, observations have not been performed in such favourable conditions: therefore we conjecture that a significant number of Ap binaries with very long orbital periods may have been omitted from Gerbaldi et al.'s (1985) study. If this assumption is correct, the frequencies of binary systems containing Ap stars obtained by Gerbaldi et al. (1985) are underestimated. Then the occurrence of binarity among Ap stars with magnetically resolved lines would be lower than in Ap stars in general, due to a lack of short orbital periods for stars with resolved lines. This would seem to indicate that Ap stars cannot achieve slow enough rotation to show resolved magnetically split lines if they belong to (fairly) close binaries.
Another remarkable result of the present study is that 6 of the 42 Ap stars with magnetically resolved lines belong to the group of the rapidly oscillating Ap (roAp) stars (e.g., Kurtz 1990 ). To some extent, this results from a selection bias, since due to the interest of some of us in roAp stars (and especially in their magnetic field), we have systematically checked all of them for possible resolution of magnetically split lines. Nevertheless, the fraction of stars showing magnetically resolved lines appears much higher among roAp stars (6 out of 28 roAp stars presently known) than among Ap stars in general. There is no obvious explanation for this. Let us just note that one may possibly draw some parallel between the low frequency of binaries among Ap stars with resolved lines (according to the hypothesis developed above) and the absence of spectroscopic binaries among roAp stars .
Conclusion
Within the course of the present project, we have discovered so far 29 Ap stars with resolved magnetically split lines (16 of which are reported for the first time in this paper). This raises the number of such stars presently known to 42, compared to 12 when we started this study (the 42nd star with magnetically resolved lines has been discovered more recently by Babel et al. 1995) . As of end of August 1995, we had performed more than 750 measurements of the mean magnetic field modulus of 40 of those 42 stars (compared to about 80 measurements in the literature at the time of the beginning of our investigation). Those measurements, in the most favourable cases (more than one third of the studied stars), reach an unprecedented accuracy (25 − 30 G). Our study brought the number of stars with field modulus measurements sampling (fairly) well the rotation cycle from 4 to 16. For a few more stars good phase coverage should soon be achieved. These achievements allowed us to discuss various aspects of the magnetism of Ap stars in greater generality and on sounder statistical grounds than had previously been possible.
As part of our search for resolved magnetically split spectral lines in Ap stars, we have, of course, achieved a large number of negative results. These are not without interest (in particular, they can still be used to derive constraints on the magnetic fields of the considered stars, as well as on their projected equatorial velocity). Their analysis will undoubtedly allow us to complement and to refine some of the results reported here, and we intend to devote a future publication to their presentation.
In the future, we aim at completing progressively the phase coverage of the variations of the field modulus of the stars with resolved lines for which the measurements presented in this paper sample only partly the rotation period. Particular attention is paid to the very slowly rotating stars, for which a good knowledge of the field may prove essential for the understanding of the braking mechanisms that must have been (and possibly still are) at work. Since the simultaneous consideration of the variations of the field modulus and of the longitudinal field is required to derive meaningful constraints on the field geometrical structure, and since enough determinations of H z are available at present for less than a dozen stars with magnetically resolved lines, we have also undertaken a systematic study of the longitudinal field of the other stars of that type.
